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ERRATA 


Volume 88, Number 4, December 1946 


Page S73: Change first equation to read: 

H + Fe (CN)8 * + Fe (CN)s 

Page 374, Paragraph 1, line 6; Change “diptojdn” to “digitonin” and read 
“Merck di^tonin rvas used” 

Page 381: Insert in last line of text the words “of the sex” and read “to a 
lesser degree in the case of the sex hormones.” 




TESTS OE 2,3-]DIMERCAPTOPROPANOL AND RELATED DITHIOLS 
FOR DECONTAMINATION OF LEWISITE ON HUMAN SKIN' 

JOHN F. THOMSON, JOSEPH SAVIT and EUGENE GOLDWASSEK 
The Depariment of Anatomy and the Toxicity Laboratory, University of Chicago 
. Eeceived for publication June 12, 1946 

The evaluation of decontaminants of human skin after application of arsenical 
vesicants was an important task of this laboratory during 1942 and 1943. Before 
the advent of 2,3-dimercaptopTopanol (BAL) (1), we had demonstrated that 
oxidizing agents bad decidedly limited decontaminative utility; apparently they 
could react only with that fraction of the vesicant which was not combined with 
the skin, and were unable to reverse the damage produced by the arsenicals 
through inhibition of enzyme systems dependent upon sulfhydryl groups for ac- 
tivity (2). 

In June 1942, samples of BAL were made available to us for testing on human 
skin. We obtained excellent results in prevention of vesication by lewisite, with 
BAL either in an ointment vehicle or diluted in glycol-type solvents (propylene 
glycol, dioxane, “Cellosolve”, etc.). Pure BAL was considered too toxic to 
apply undiluted to human skin. 

It was soon discovered that BAL had some limitations. Even at short in- 
tervals after contamination, a few men would develop blisters after treatment, 
particularly in hot weather. Furthermore, BAL is fairly toxic, and produced 
dermatitis on a few of the men tested. 

Therefore, forty-three compounds related to or derived from BAL were tested 
in this laboratory for decontaminative efiBcacy. Sixteen of these were water- 
soluble derivatives, some of which could be prepared as crystalline solids. In 
addition, twenty-eight other sulfur compounds such as monothiols, thiourea 
derivatives, and thioacids were examined. Over 6000 men were used in this 
program. 

Methods. Application of the vesicant. In the earlier tests carried out in this laboratory, 
tvfo sizes of stainless steel rods, with areas at the tips of 1.23 and 1.69 sq.mm., were used 
for the delivery of lewisite to the skin ; the smaller one delivered about 50 pg. and the larger 
one about 90 pg. The lesions produced on a group of men were uniform and generally 

reproducible. 

In mo st of the tests reported here, the vesicant was applied by a micropipette which 

’ Under the direction of Dr. William Bloom, these tests were carried out as a joint 
activity of the Committee on the Treatment of Gas Casualties of the Committee on Medical 
Bescarch and the University of Chicago Toxicity Laboratory (an establishment of the 
National Defense Research Committee). 

The facilities for the tests requiring human volunteers were furnished by the Senior 
Medical Officer of the Ninth Naval District. Moat of the men used in these tests were 
volunteers from the Recruit Training Command, Great Lakes Naval Training Center, 
Great Lakes, Rlinois. Lt. Comdr. A. F. Abt, Lt. Comdr. T. B. Friedman, and Lt. J. H. 
Heinen, all of the Medical Corps, U.S.N.R., were assigned by the Navy Department to 
participate in the program. 

|i We acknowledge with pleasure the cooperation and sympathetic understanding we have 
received, in this as well as our other vesicant testing activities, from Capt. E. W. Brown 
(’ IC) U.S.N., of the Bureau of Medicine and Surgery , U. S. Navy. 
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delivers multiples of 0.05 cu. mm. (95 ;ig. of lewisite) with a high degree of consistency and 
precision (3). 

Deccnlaminalion. The procedure for testing new compounds as decontaminants of 
lewisite on human skin was usually the following: Redistilled lewisite was applied by rod 
or micropipette to symmetrical sites on the flexor surfaces of both forearms of a group of 
men (usually 16 or 20 per group) . No previous treatment, such as washing, was given the 
arms. After 40 minutes, the right arm was treated with the new dithiol, 0.4 M. in propylene 
glycol, applied by a Band-aid saturated with 0.25 cc. of solution.* The left arm was either 
treated with a similar solution of BAL for direct comparison of the new compound with 
BAL, or left untreated in those experiments in which only the qualitative efiicacy of the 
compound was of interest.* 

Headings. The men’s anns were inspected 48 hours after application of the vesicant, 
and the occurrence and size of both erj’themas and blisters were noted. No other attempt 
was made to grade the severity of the lesions. It was not necessary to use the reduction in 
size of erythemas and blisters as a criterion of decontaminative efficiency, since the reduc- 
tion in frequency was usually more significant. 

Evaluation. When the new and the standard decontaminants were compared on opposite 
arms of the same group of men, a difference in number or size of blisters or erythemas usually 
was noted. When the difference was not clear-cut, the procedure was usually repeated 
with a longer inteiw'al between contamination and treament. At a 60 minute interval, 
there was in most of our tests a considerable difference in decontaminative efficacy of the 
various compounds. 

When two compounds were tested on different groups of men, again it was usually easy 
to decide whether or not one compound was superior to the other. • There were instances, 
however, when the minor differences observed were of doubtful significance; in these 
instances, the compounds in question were compared directly. 

Materials. Several preparations of BAL were used in these e.xperiments; moat of 
them appeared identical in decontaminative activity. The American Reference standard 
BAL (I) was used in most of the comparisons of BAL with other dithiols. 

The simpler derivatives of BAL were supplied by Dr. W. A. Lazier and co-workers at the 
DuPont Experimental Station (NDR code). The structures of these compounds are evi- 
dent from their names listed in Table VIII. 

The majority of the water-soluble derivatives were prepared by Dr. M. S. Kharasch and 
Dr. A. Weinhouse of the Department of Chemistry of the University of Chicago (KD code) ; 
a few were later submitted by Dr. Lazier. 

Most of these compounds were prepared from water-soluble amines by condensing the 
amine n-ith formaldehj'de, and then reacting the azomethine with BAL (4) . Some of the 
derivatives which were prepared from sodium salts of amino acids could be prepared as 
crystalline solids by precipitation from acetone. Usually, the starting materials were 
mixed, and the solution diluted to the desired concentration and then tested without actual 
isolation of the product. 

These derivatives are assumed by Kharasch and Weinhouse to have the structure : 


CHjOH 

I 

CHSH 

1 

CHsS— CH,— N 


S' 

\ 


H. 


CHjOH R, 

I / 

or CHS— CH,— N 

I \ 

CHjSH Rj 


Rz 


The former structure is considered more likely. 

* In some tests in which ointments were used, 0.05 cc. of the ointment was extruded from 
a 83 'ringe and rubbed in over a 500 sq. mm. area. 

* Although comparisons of decontaminants tested on diCFerent groups of men are less 
reliable than comparisons of those tested on opposite arms of the same men, untreated 
controls are of considerable importance in cold weather, when the small doses of lewisite 
used in these tests will fail to produce blisters on an appreciable number of men. 
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The following compounds of this type have been tested; 


CODE NO. 

KAUE 

Ri 

R, 

KD-2, NDR 
287 

Diethanolaminomethyl 
thioether of BAL 

HOCHiCHj— 

HOCHiCH,— 

ICD.7 

N -o-Carboxyphenyl-N- 
methylaminomethyl 
thioether of BAL, so- 
dium salt 

CH,- 

CH— CH 

^ \ 

CH C— 

\ / 

CH=C 

COOHa 

KD^ 

N -Carboxjinethylamino- 
methyl thioether of BAL, 
sodium salt 

H— 

NaOOCCH,— 

KD-9 

N -Carboxymethyl-N - 
methylaminomethyl 
thioether of BAL, so- 
dium salt 

CHr- 

NaOOCCH,— 

KD-10 

N-phenyl-N-sulfomethyl- 
aminomethyl thioether 
of BAL, sodium salt 

1 

C,H5- 

NaOSO-CH:- 

KD-ll, 

NDR 288 

N-methyl -N-gl ucityl - 
aminomethyl thioether 
of BAL 

CH,— 

CH,OH(CHOH>.CH,- 

KD-15 

2-Carboxypentamethyl- 

/ 

CH,— CH, 


eneaminomethyl thio- 

\ 


ether of BA.L, sodium 

— N 

CH, 


salt 

\ 

/ 

CH,— CH, 

COONa 

KD-37 

N-CaTboxymethyl-N- 2 - 
hydroxyethylamino- 
methyl thioether of 
BAL, sodium salt 

HOCHiCH,— 

NaOOCCH,— 

KD-38 

N-Carboxymethyl-N- 
acetylaminomethyl 
thioether of BAL, so- 
dium salt 

CH.CO— 

NaOOCCH,— 

KD-39 

N-Carboxymethyl-N'- 
benzoylaminomethyl 
thioether of BAL, so- 
dium salt 

C.H 5 CO— 

NaOOCCH,— 

NDR 475 

Acetamidomethyl thio- 
ether of BAL 

H 

CH,CO— 
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Similar compounds have been prepared in which both mercapto groups were bound. 
These were ineffective as decontaminants of lewisite. 

Other water-soluble derivatives which were tested were salts of BAL: ethylene diamine 
salt (KD-43), diethanolamine salt (KD-44, NDR 289), and the glucitylmethylamine salt 
(NDR 290). 

Experimental tvork. Test^ of BAL against Lewisite: Compilation of results 
of all tests. A large number of tests of BAL against liquid lewisite were carried 
out under tvidely varying conditions of dose of lewisite, concentration of BAL, 
interval between contamination and treatment, temperature, and relative hu- 
midity. 

A general summary of the results is presented in Table I, a compilation of all 
of the tests in which BAL in an eye ointment* or in propylene glycol was used 
against liquid levisite. Included for the purpose of comparison are the data 
obtained with peroxides and pei;pcids. The difference between BAL and the 
peroxides is striking: the former protected 73% of the men from both eiythema 
and blisters, while the latter completely protected only 38%; the difference in 


TABLE I 

Comparison of BAL and peroxides as deconiaminants of Lewisite on human skin (all tests} 
Dose of Lewisite: ca. SO pg. to 400 pg. Interval Lewisite to treatment: 2' to 80'. 


DECONTAUIKANT 


1 

EByraxuAS i 

SUSTEB5 


No. 

% 

No. 

% 

Peroxides and peracids (3% to 15% 
H,0,) 

2449 

1525 

62% 

1042 

43% 

BAL (0.08 M to 0.8 M) 

1821 

498 

27% 

308 

17% 

Untreated lewisite (controls) 

4671 

4568 

98% 

4331 

92% 


prevention of vesication alone is of comparable magnitude. It should be men- 
tioned that variations in temperature, dose of vesicant, and time interval between 
application of levisite and treatment were equally distributed between the two 
types of treatment. 

BAL w'as found to be effective against other arsenical vesicants such as phenyl- 
dichloroarsine, ethyldichloroarsine, etc., as well as lewisite. In addition, a 
mercury vesicant, 2-thienyI-mercuric chloride, can be successfully neutralized by 
BAL. 

Effect of amount of Lewisite used. The decontamination of 50 pg. of lewisite 
was more nearly complete than the decontamination of 90 pg. of lewisite by 0.05 
ml. of 0.4 M. BAL in ointment applied 60 minutes after contamination; only 
two blisters and six erythemas developed after treatment of the 20 sites receiving 
50 pg., in contrast to the 6 blisters and 16 erythemas occurring after treatment of 
20 sites recendng 90 pg. All of the untreated skin areas in both groups developed 
blisters. At shorter time intervals, the effect of varying the amount of lemsite 

• Formula: Peanut oil 10%, lanolin 10%, cetyl alcohol 5%, glycerol monosterate 8%, 
benzyl benzoate 5%, liquid petrolatum 62%. 
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islessroarked; BALgave complete protection when used 10 minutes after applica- 
tion of 0.4 mg. of lewisite. 

Effect of time between contamination and decontamination. As the length of 
time elapsing between application of the vesicant and treatment with BAL was 
increased, the degree of decontamination was diminished. In hot weather (above 
85°F.), 0.4 M. BAL vras virtually ineffective in preventing vesication by 95 
Mg. of lewisite applied 90 minutes previously. 

Effect of environmental factors. While we did not make a controlled study of the 
effects of temperature and relative humidity in decontamination by leivisite, we 
collected considerable data which demonstrate that these factors are important. 
Table II lists five respresentative experiments, carried out under identical con- 
ditions except for those of climate. The untreated applications of lewisite pro- 
duced 95-100% blisters on each day. It would seem that the indoor tempera- 
ture and relative humidity were more important than the outdoor temperature 
(cf. tests on 1/20/43 and 8/17/43). 

TABLE II 


Effect of climatic conditions on the decontamination of Lewisite by BAL 
Dose of Lewisite: 95 me- Interval Lewisite to BAL; 40 minutes. Concentration of 
BAL: 0.4 M. 


Dm 

INOOOS 

7EKP, 

IKDOOR 

ft.H. 

09IOOOX 

DECOM* 

tajhnant 

KO OT 
U£K 

% 

ESkTBEUAS 

% 

BtZSTEES 


•F. 

% 

"F. 





1/20/43 

63 

37 

20 

BAL 

19 

10 

5 

7/20/43 

86 

SO 

80 

BAL 

119 

55 

40 

8/17/43 

69 

59 

64 

BAL 

101 

13 

2 

9/14/43 

65 

80 

50 

BAL 

72 

12 

4 

10/12/43 

65 

80 

68 

BAL 

50 

18 

2 


These differences probably reflect the variations with temperature in rate of 
penetration and subsequent rate of enzyme inhibition by lewisite. 

Effect of concentration of BAL. It was found that concentrated solutions of 
the dithiols were more effective than the more dilute preparations in the treat- 
ment of lewisite on human skin, probably because of the increased amount of 
dithiol per unit area of skin in the ease of higher concentrations. This finding 
Was demonstrated more strikingly with some of the BAL derivatives than with 
BAL itself (Table III). 

Water-soluble BAL derivatives: Since the solubility of BAL in water is low, its 
uses in aqueous solution are limited. Thus a number of derivatives of BAL which 
are appreciably soluble in water are of interest, since they possess therapeutic 
properties similar to that of BAL, are less tojdo, and have a less objectionable 
odor. 

Four of these water-soluble compounds, KD-2, KD-8, KD-9, and NDR 475, 
Were tested more extensively than the others, and ivill be given special considera- 
tion in this report. 
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KD-S. This compound, the diethanolaminomethy] thioether of BAL, was 
"the first and perhaps the most effective of the water-soluble derivatives submitted . 
As will be seen in Table III, its decontaminating efficacy is nearly equal to that of 
BAL. Furghermore, KD-2 is less toxic; its LD-50 for mice (intraperitoneal) is 
350 mg./kg., over three times as great as that of BAL. 

The effect of concentration of the decontaminant in the vehicle is demonstrated 
in the second part of Table III. The 0.4 M. solution of KD-2 in water was much 
less effective than the 0.8 M. solution in the decontamination of 0.2 mg. of lewisite 
after 2 and 5 minutes. 

The decontaminating value of KD-2 was nearly negligible after storage for 
six weeks at 60°C,, in contrast to the behavior of BAL, which retains its effective- 
ness under such conditions. 


TABLE III 

Decontamination of Lewtstie hy KD'8 


DECOKTAJaWAKT 

IKTER\AL j 

SO. OFUZK 

ERVTHrUAS 

j BLISTERS 

Dose of Lewisite: ca. SO pg. 

Indoor temp. : 66°r Indoor R H. : 48% 


fntn 




KD-2, 0 8 M. in propylene glycol 

20 

18 

0 

0 

BAL, 0 8 M. in propylene glycol 



0 

0 

KD-2, 0 8 M in propylene glycol 

40 

19 

1 

1 

BAL, 0 8 M in propylene glycol 





KD-2, 0 8 M in propylene glycol 

60 

19 


1 

BAL, 0 8 M in propylene glycol 



0 

0 

Dose of Lewisite* 0 2 mg. 

Indoor temp 

■ 59°F. Indoor RH.- 72% 

KD-2, 0 4 M. in w ater , 

2 

20 

I 14 

! 6 

KD-2, 0 8 M in n ater 

2 

20 

1 4 

0 

KD-2, 0 4 M. in water 

5 

20 

20 

16 

(vD-2, 0 8 M. in water 

5 

20 

1 

5 

0 


KDS. This compound, prepared from sarcosine, formaldehyde, and BAL, 
was the most e.xtensively tested of all of the water-soluble derivatives. Although 
it was a good decontaminant of lewisite on human skin and was even less toxic 
than KD-2 (LD-50 for mice intraperitoneal injection > 400 mg./kg.), it was not 
as effective as BAL. 

A few tests ■nith KD-8 were carried out in which the compound was precipi- 
tated as the crystalline sodium salt and then ledissolved in water before testing. 
Table TV gives the results of an experiment comparing the reprecipitated 
compound with KD-8 in freshly prepared solution. It will be seen that the former 
preparation was less effective. 

KD-9. The glycine analogue of KD-8 was definitely less effective than BAL. 
However, precipitation of the compound resulted in no loss in decontaminative 
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action of KD'9, as the folowing example shows (Table V). The solid KD-9 
was determined to be about 90% pure on the basis of sulfur content. 

NDR 476. The tests with this preparation were limited to three comparisons 
with BAL and two with KD-8. NDB, 475 appears to be about equal to KD-8 

TABLE IV 

Tests of Teprecipitated KD-8 


Dose of Lewisite; ca. 90;ig. Indoor temp.: SS'F. Indoor R.H.: 54%. 


PECONTAXONAKT 

INTERVAL, 
LEWISITE TO 

KD-8 

1 

NO or UEN 

ERYTHEMAS 

BUSTERS 


min 




KD-8, 0 8 M. in water, freshly pre- 





pared 

40 

20 

1 

0 

Untreated control . 


1 

20 

1 20 

1 

KD-8, 0.8 M. in water, reprecipitated.. 

1 

40 

1 

21 

10 

1 

9 

Untreated control 


1 

20 

20 

KD-8, 0 8 M. in water, freshly pre- 





pared 

60 

18 


2 

Untreated control 



iHH 

15 

KD-8, 0 8 M. in water, reprecipitated. 

60 

20 

9 

■ni 

Unteated control . . 



20 

■■ 


TABLE V 

Decontamination of Lewisite by KD-9 
Dose of Lewisite; 95 Mg. Indoor temp.: 67°F. Indoor R.H.: 30%. 


decoktauinakt 

interval, 
LEWISITE TO 
KD 9 

1 NO or MEN 

ERYTHEMAS 

BLISTERS 


i mtn 




KD*9, 0 8 M. in water, freshly pre- 

i 




pared 

60 

36 

16 

7 

Untreated control 



36 

36 

KD-9, 0 8 M. in water, reprecipitated 

60 

38 

15 

8 

Untreated control 



38 

37 

UAL, 0.4 M. in ointment . . 

60 

25 

1 

1 

Untreated control 



25 

23 


and inferior to BAL in the decontamination of lewisite. The results of three of 
the tests are listed in Table VI. 

Other water-solubk BAL derivatives. The rest of the water-soluble compounds 
were not tested as completely as were the four previously mentioned. The results 
of the experiments vrith these other preparations are listed in Table VII. All of 
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them were effective except for KD-10 (sodium salt of N-phenyl-N-suIfomethyl- 
aminomethyl thioether of BAL), and NDR 406 and 407, in which both thiol 
groups of BAL were condensed with formaldehyde-acetamide compounds. 

The entries in Table VII are arranged in chronological order; those between 
lines were tested on the same day. 

Tesls of related dithiols: The results of our experiments nith 26 other dithiols 
are presented in Table VIII. It ■null be noticed that several compounds were not 
compared with BAL, either on the same men or on different men tested on the 
same day. Most of these e.xperiments were of a preliminary nature, and the 
compounds examined in such tests were not recommended to us for more thorough 
testing because of toxicity, instability, or difficulty of synthesis. Dimercapto- 
propyl chloride (NDI1320), dimercaptopropylamine (NDR347), and dimercapto- 
benzene (NDR 378) were three such compounds. 


TABLE VI 

Decontamination of Lewisite by NDR 47S 
Dose of Leuisite: 95 


OECOSTAJflVANT 

INTERVAL 

NO or MEN 

ERYTHEMAS 

BUSTERS 

INDOOR 

TEMP. 

& X S. 


mtn 





NDR 47S, 0 4 M. in propylene glycol 

40 

19 

1 

0 

69° 

BAL, 0.4 M. in propylene glycol 



1 

0 

59% 

NDR 475, 0.4 M. in water 

40 

9 

1 

0 

69° 

KD-8, 0 4 M. in water 



2 

0 

59% 

NDR 475, 0.4 M. in propylene glycol. 

60 

14 

■i 

9 

81° 

BAL, 0.4 M. in propylene glycol 



■■ 

4 

75% 


As in Table VII, the entries in Table VIII are arranged in chronological order, 
with lines separating tests made on different days. 

Most of these compounds were prepared by Dr. W. A, Lazier and coworkers 
at the DuPont Experimental Station, 

Tesls with other sulfur compounds; Monoihiols. Thioglycollic acid, thioaceta- 
mide, o-aminothiophenol, N-2-mercaptoethylphthalimide, mercaptobenzothia- 
zole, and 2-mercapto-4-hydroxy-thiazole were ineffective in decontamination of 
0.1 mg. of lewisite. Monothioethylene glycol was moderately effective, although 
far inferior to BAL. 

Thioureas and Dithiocarhamates. Dithiobiuret and ethyl dithioallophanate 
both of which could be classed as dithiols, were moderately good decontaminants 
of lewisite. Allyl thiourea and isobutyl thiourea were relatively poor, while 
thiourea and n-butyl thiourea were completely ineffective. Dimethyl amino- 
methyl dimethyldithiocarbamate w^as the most effective of five dithiocarhamates 
e.xamined; it was much less effective than BAL. Sodium diethyldithiocarba- 



























TABLE VII 

Decontaminalion of Lewisite hy other water-soluble BAL derivatives 


Dose of Lewisite: ca. 90 fig. Interval, lewisite to treatment: 40 minutes. 


t>«CONTAiaKANT 

SO. or>ixK 

E«VTHr«AS 

BUSTEKS 

IKDOOB 
TEHB. 
AKD R.H. 

KD-7, 1.6 M. in water 

23 

0 

0 


Untreated control 

i 

23 

22 

57% 

KD-10, 1.6 M. in water 

26 

19 

18 

73° 

Untreated control 


26 

26 

57% 

KD-n (NDE 288), 1.6 M. in water 

20 

0 i 

0 

73° 

Untreated control 


20 

20 

57% 

IfD-15, 1.6 M. in water 

Untreated control 

20 

11 

1 

73° 


20 

20 

57% 

KD-37, 0.8 M. in water 

20 

0 

0 

49° 

Untreated control 


20 

20 

51% 

KD-38, 0.8 M. in water 

20 

2 

1 

49° 

Untreated control 


20 

20 

51% 

KD. 39 , p.8 M. in water j 

20 

0 

0 

49° 

Untreated control i 


20 

19 

61% 

Methylglucitylammonium salt of BAL (NDR 290), 





0.8 M. in water 

17 

0 

0 

49° 

Untreated control. j 


17 

17 

51% 

Ethylenediamine salt of BAL KD43, 0.8 M. in 





water 

21 

1 

0 

49° 

Untreated control 1 

1 

j 

21 

21 

51% 

UietLanolammonium salt of BAL KD-44 (NDE 





289), 0.8 M. in water 

19 i 

0 

0 

49° 

Untreated control 


19 

19 

51% 

KD-11 (NDR 288), 0.8 M. in water 

20 

3 

i 2 

49° 

Untreated control 


20 

20 

51% 

BAL, 0.4 M. in ointment 

20 

0 

! 0 

49' 

Untreated control 

20 

19 

51% 


Dose of Lewisite : 95 fig. 


Bis-Sfacetamidomethyl) thioelher of BAL (NDR 
406), 0.4 M. in propylene glycol 

16 

IS 

15 

87° 

BAL, 0.4 M. in propylene glycol 

i 

S 

6 

50% 

Bis-S(ctbylacetaniidomethyl) thioetber of BAL 

i 




(NDR 407), 0,4 M. in propylene glycol 

13 

13 1 

13 

87° 

BAL, 0.4 M. in propylene glycol 


7 

4 

50% 


9 

















10 


J. F. THOMSON, J. SAVIT AND E, GOLDWASSER 


TABLE VIII 

Decontamination of Lewisite by other dithiols 
Dose of Lewisite: ca. 90 


PECONTAUIKAKT 

itmravAt 

KO. or UTK 

tKYrEntAS 

SLisms 

IJfDOOl 

lEUP. 

ft 


min. 





N-(2,3-I5imercaptopropyl) aniline by- 






drocUoride (NDR 225), 0.2 M. in 87% i 






alcohol) 1 

60 1 

10 

0 

0 

72° 




ID 

ID 

42% 

BAL, 0.4 M. in propylene glycol 

60 

10 

2 

2 

72° 

Untreated control 1 



10 

8 

42% 

Formaldehyde mercaptol of BAL (KD- 




■1 


17), 0.4 M. in propj-icne glycol 

60 

20 1 

9 


59° 

Untreated control 



20 

ilB 

78% 

Dimeth 3 ’lanunomethyl thioether of 






BAL KD-12, 0.4 M. in ointment 

60 

20 

18 

17 

59° 

BAL, 0.4 M. in ointment 



7 

8 

78% 

2,8-Dimercaptopropyl ether (NDR 






293), 0.4 M. in ointment 

40 

20 

18 

7 

49° 

Untreated control 



20 

1 

20 1 

51% 

l,3-Dimercopto-2-propanol (NDR 131), 






0.4 M. in ointment 

40 

17 

' 11 

2 

49° 

Untreated control 

1 


17 

' 16 

I 51% 

1,6-Hexane dithiol (NDR 139), 0.4 M, 

1 




1 

in ointment 

40 

20 

17 

13 

' 49° 

Untreated control 


1 

20 

20 

51% 

1,3-Propane dithiol (NDR 132), 0.4 M. 






in ointment 

40 

20 

14 

7 

49° 

Untreated control 



20 

18 

51% 

Diethanolaminomethyl thioether of 1,3- 

1 





propane dithiol (water-soluble deriva- 






tive of NDR 132^ — same as NDR 411), 






0.8 M. in water 

j 40 

19 

0 

0 

49° 

Untreated control 



19 

19 

51% 

BAL, 0.4 M. in ointment 

40 

42 

3 

0 

49° 

Untreated control 

t 


41 

39 

61% 

Dithiooxamide (NDR 313), 0.25 M. in 






formamide 

40 

20 

3 

3 

69° 

Untreated control 

1 


17 

17 

24% 
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TABLE Ylll—Continued 


PECONTAMIKANT 

ZKTEXVAX. 

KO. or UEK 

XXYTEEICAS 

BLISTEXS 

zzmoox 

IZUP. 

& S.H. 


min» 





2,3-Dimercaptopropiomc acid (NDE 






317), 0.8 M. in propylene glycol 

40 

20 

0 

0 

69° 

Untreated control 



20 

18 

m 

2,3-Dimercaptopropionio acid (NDR 






317), sodium salt, 0.8 M. in water 






(pH 6) 

40 

20 

2 

0 

69° 

Untreated control 



20 

20 

24% 

Methyl 2,3-dimercaptopropionate 






(NDR 318) 1 0.4 M. in ointment 

40 

20 

9 i 

3 

69° 

Untreated control 



20 

20 

24% 

2,3-Dimercaptopropylamine (NDR 347), 


t 




0.8 M- in water 

40 

i 11 

2 

0 

72° 

Untreated control 



11 

11 

31% 

1,2-Diniercaptobenzene (NDR 378), 


1 




Bodium salt, 0.7 M. in water (pH 7) . . . . 

40 

10 

8 

2 

76° 

Untreated control 



10 

10 

28% 

2,3-Dimercaptopropyl chloride (NDR 



I 

■n 


320), O.g M. in "Cellosolve” 

40 

10 

6 


63° 

Untreated control 


I 

10 

10 

55% 

Phenylethanedithiol (NDR 476), 0.4 M. 






in dioxane 

! 40 

29 

27 

23 

87° 

BAIi, 0,4 M. in dioxane 



7 

5 

50% 

3,4-Dimercaptotetrahydrothiophene-l- 






dioxide (Ni>R346), 0.4 M. in dioxane. . 

40 

10 


9 

87° 

BAL, 0.4 M. in dioxane 



9 

7 

S0% 

2,3-Dimercaptopropylurea (NDR 399), 






0.4 M. in propylene glycol 

40 

14 

13 

12 

87° 

BAL, 0.4 M. in propylene glycol 


i 

8 

4 

60% 

2,3-Dimercaptopropylurethane (NDR 


i 



[ 

400) , 0.4 M. in propylene glycol 

40 

14 

14 

14 

' 87° 

BAL, 0.4 M. in propylene glycol 

1 


9 

8 

60% 

2,3-Dimercaptopropyl methyl ether 

i 





(NDR , U.4 M, in propylene Rlycol , 

40 

21 

7 

1 

69° 

BAL, 0.4 M. in propylene glycol 



1 

0 

69% 

p-Dimcthylaminobenzaldehyde mercap- 






tol of BAL (KD-81), 0.4 M, in oint- 






ment 

40 

20 

6 

0 

69° 






59% 
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TABLE Vm-Continued 


•DECONTAIONANT 

1 

INTERVAL 

NO or ilEN 

ESYTHEUAS 

BUS1XX5 

INDOOR 
TEMP 
& RE 

2,3-Dimercaptopropyl acetate (NDR 

mtn 


H 



230), 0.4 M. in propylene glycol 

40 

23 


5 1 

65° 

BAL, 0 4 M in propylene glycol 


1 

u 

0 ! 

80% 

2, 3-Dimeroaptopropyl propionate (NDR 




1 

1 


607), 0 4 M in propylene glycol 

40 

n 

0 

0 

65° 

BAL, 0 4 M. in propylene glycol 



0 

0 

80% 

2,3-Dimercaptopropyl butyrate (NDR 

1 





608), 0 4 M in propylene glycol 

! 40 

10 

0 

0 

65° 

BAL, 0 4 M in propylene glycol 


1 

0 

0 

80% 

2,3-Dimeroaptopropyl isopropyl ether 

t 





(NDR 609) , 0 4 M. m propylene glycol 

i 40 

13 

i 1 

0 

65° 

BAL, 0 4 M. in propylene glycol 



2 

0 

80% 

2,5-Dimeroaptothiadiazole (NDR 610), 



1 

i 


0 4 M. in propylene glycol 

40 

16 

14 

I 2 

65° 

BAL, 0 4 M. in propylene glycol 



7 

1 

80% 

3,4-Dinieroapto-l-butanol (NDR 644), 

0 4 M. m propylene glycol 

BAL, 0 4 M in propylene glycol 

40 

42 

5 

1 

0 

0 

73° 

46% 


mate, sodium diethanoldithiocarbamate, sodium pentamethylenedithiooarba- 
mate, and bis-(dimethyIthiocarbamyI)sulfide were relatively ineffective. 

Thioacids. Ten thioacids, salts, and esters, were found to be of no particular 
value m lewisite therapy. Some protection was offered by potassium tetrahydro- 
furfuiylxanthate, potassium thiolacetate, dithioacetic acid, potassium thio- 
laurate, potassium m-nitrothiolbenzoate, sodium dithio-j3-resorcylate, sodium 
p-toluene thiosulfonate, potassium dithiooxalate, ethylenediamine thiosulfate, 
and vinyl thiolacetate-diethyl fumarate copolymer; however, our results do not 
suggest that any of these would seriously challenge the di thiols as decontaminants 
of lewisite. 

Discussion. With the exception of some of the water-soluble derivatives, 
only six other dithiols seemed to be as effective as BAL: 2,3-dimercaptopropyl- 
aniline hydrochloride (NDR 225), 2,3-dimercaptopropylamine (NDR 347), 
2,3-dimercaptopropionic acid (NDR 317), 2,3-dimercaptopropyl propionate 
(NDR 607), 2,3-dimercaptopropyl butyrate (NDR 608), and 2,3-dimercapto- 
propyl isopropyl ether (NDR 609). 

Among the water-soluble derivatives, KD-2, KD-7, KD-11, KD-37, KD-38 
ED-39, NDR 290, KD-43, and KD-44, appeared to decontaminate 0.1 mg. 
amounts of lewisite practically as effectively as BAL. Only KD-2 was tested 
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extensively, however; had the others been examined as thoroughly as KD-2, 
KD-8, and KD-9, particularly in regard to their efficacies in hot weather, many 
of them might have been found to be inferior to BAL. Furthermore, it should be 
noted that nearly all of these derivatives were tested as 0.8 M. solutions rather 
than 0.4 M., in order to provide an equivalent number of free SH groups. 

KD-8 and KD-9, although not quite as effective as BAL, are of interest 
because they may be readily prepared as crystalline solids, whereas some of the 
other water-soluble compounds of similar structure formed oils or gummy amor- 
phous masses upon precipitation (4). 

In view of the findings of this and other laboratories on the efficacy of BAL as 
a decontaminant of human skin after application of lewisite, and the findings of 
other investigators on BAL as a therapeutic agent systemically and in the eye 
(1), it seems to be the most satisfactory of the dithiols, its high toxicity notwith- 
standing. 


SUMMARY 

1. The vesicant action of 0.1 mg. of lewisite on human skin can be prevented 
more effectively by treatment with 2,3-dimercaptopropanol (BAL) than by most 
of the other dithiols tested. 

2. The effectiveness of BAL and other dithiols is dependent largely upon (1) 
the dose of lewisite used, (2) the interval between contamination and decontami- 
nation, (3) the concentration of the dithiol in the vehicle, and, especially, (4) 
the temperature and relative humidity of the immediate envioronment of the 
test shbject. 

3. A number of water-soluble derivatives of BAL have been tested, several 
of which are nearly as effective as BAL. 

4. Monothiols, thiourea derivatives, and thioacids were of little effect in the 
decontamination of lewisite on human skin. 
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The findings of Hall and Waldman (1) that sodium caprylate, when adminis- 
tered intravenously to eats, produces an electrocardiographic picture similar to 
that produced by toxic doses of digitalis prompted a series of experiments to 
investigate the possibility that sodium caprylate might have a digitalis-like 
action on the contraction of the heart. This report is on a study of the effect of 
sodium caprylate on the cardiac output of isolated frog hearts. 

Methods. A glass cannula 6.5 cm. long with a U-shaped curve on its free end was in- 
serted through the left aortic arch into the bulbus arteriosus, and a glass cannula connected 
by rubber tubing to a 2 ml. reservoir was tied into the inferior vena cava. All other vessels 
were ligated, the heart was removed from the frog and supported by clamps attached to the 
cannulae. The height of the reservoir was adjusted so that its top was 4.5 cm. above the 
heart. It was kept filled to overflowing from a large reservoir so that the venous pressure 
was always 4.5 cm. of water. The heart rate was counted for 30 seconds at regular intervals 
and the output simultaneously collected from the curved aortic cannula. Stroke volumes 
were calculated. The perfusion fluid was glucose-Ringers or solutions of sodium caprylate 
made up in glucose-Ringers. 

Graphic records of some experiments were made using a small cardiometer. The isolated 
heart was placed in the cardiometer in such a manner that the cannulae projected from the 
top of the vessel. The cardiometer was then sealed with plasticene and connected to a 
sensitive tambour 1 cm. in diameter. 

Results. When the hearts were perfused with glucose-Ringers, they dilated 
and failed spontaneously after one to three hours. A cardiac output of SO per 
cent or less of the maximum attained early in the experiment was used as a 
criterion of failure. When sodium caprylate was added to the perfusion fluid in 
concentrations ranging from 0.000625 to 0.025 molar it caused a marked increase 
in the cardiac output of the failing hearts. This increase occurred within one to 
two minutes but was usually of rather short duration and the hearts would again 
fail after a period of 15 to 20 minutes of capiylate perfusion. The hearts showed 
varying sensitivity to caprylate, a concentration highly effective on one having 
little or no effect on another. The effectiveness also varied with the degree of 
failure of the hearts as shown by comparing results in table 1 with those in table 
2. Tliere was comparatively little effect on fresh hearts. Because of this vari- 
ability the data have been arranged to show the per cent increase in cardiac 
output above the level to which the output had declined just before the addition 
of caprjdate to the perfusion fluid. Tables 1 and 2 indicate the degree of failure 
attained b}' each heart at the time the caprylate was added and the resulting 
percentage inerease in the cardiac output. The course of a tj^pical experiment 
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TABUi: 1 


The effect of sodium caprylate on the cardiac output of failing isolated frog hearts 


rsoc 

C1.U€»SE-WKCERS 

soonm CAPSYIATE 

Maximum 

C.O.* 

Pre-«^rylalc 

Molar 

cotuxRtT&tion 

Maximum 
! C.O.* 

% increase 

47 

10.7 

3.0 

0.000625 

1 5.6 

87 

48 

12.4 

4.2 

0.000625 

4.0 

-4 

45 

15.8 

1.5 

0.00125 

5.6 

273 

46 

19.3 

3.6 

0.00125 

9.2 

156 

11 

16.2 

0.4 

0.0025 

8.4 

2000 

34 

14.3 

4.4 

0.0025 

8.2 

86 

42 

15.4 

6.0 

0.0025 

9.6 

60 

42 

15.4 

1.0 

0.0025 

9.6 

860 

44 

6.2 ! 

2.7 

0.0025 

3.3 

22 

46 

19.3 

2.0 

0.0025 

8.2 

i 310 

4 

12.4 

6.0 

0.00312 

11.0 

83 

6 

16.4 

3.9 

0.005 

7.2 

85 

9 

11.0 

5.2 

0.005 

11.2 

115 

9 

11.0 

1.6 

0.005 

3.0 

1 sr 

10 

10.0 

3.6 

0.005 

13.6 

280 

11 

16.2 

6.2 

0.005 

17.0 

174 

12 

10.3 

0.4 

0.005 

1.8 

350 

14 

11.1 

0.4 

0.005 

1.5 

275 

18 

12.0 

1.6 

0.005 

7.6 

375 

19 

26.0 

0.7 

0.005 

13.6 

1843 

24 

18.4 

4.0 

0.005 

9.6 

140 

4 

12.4 

5.1 

0.00625 

11.8 

t 131 

10 

10.0 

0.1 

0.0075 

11.4 

11300 

4 

12.4 

4.0 

0.0125 

13.2 

230 

3 

14.6 

5.0 

0.025 

18.0 

260 


* All cardiac outputs are in mis. per minute. 


TABLE 2 


The effect of sodium caprylate on the cardiac output of fresh isolated frog hearts 



CLCCOSE'RJN'CERS 

SORjmt CAFSYtATZ 


Maximum 

C.O.' 

Precaprylate 

C.O. 

Mobr 

concentration 

I Maximum 

I C.O. 

% increase 

5 

5.4 

5.4 

0.0025 

6.4 

18 

10 

10.0 

9.2 

0.0025 

10.6 

15 

12 

10.3 

8.7 

0.0025 

9.0 

1 3 

13 

7.8 

4.5 

0.0025 

8.0 

78 

7 

17.1 

17.0 

0.005 

17.4 

2 

8 

13.0 

8.2 

0.005 

12.5 

52 

15 

9.0 

9.0 

0.005 

11.4 

20 

16 

10.4 j 

10.4 

0.005 

11.6 

, 11 

22 

9.2 i 

9.2 

0.005 

9.8 

6 

28 

0.4 

6.4 

0.005 

8.8 

38 


13.4 

13.4 

0.025 

18.2 

36 


13.4 

8.8 

0.025 

15.2 

73 

4 

12.4 

12.4 

0.025 

14.1 

14 


• All cardiac outputs arc in mis. per minute. 
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is shown in figure 1 in which the cardiac output, stroke volume and heart rate 
are plotted against time. 

The venous pressure and peripheral resistance were kept constant and it was 
noted that the caprylate had no marked or consistent effect on the heart rate 
except in large concentrations which slow'ed the heart as shown in figure 1. 
Therefore the increase in cardiac output must have been due to an increase in 



CoxxENTR.iTioNS OF SooiuM Caprylate Made Up IN Geucose-Ringers 


Fig. 2. CARDIO.METER RECORD OF AN ISOLATED FrOO HeART PeRPUSED WITH 
Glucose-Ringers with 0.005 Molar Sodium Caprylate 
Added at the Arrow 

The upstroke indicates diastole, the downstroke systole 

stroke volume. It was found that in all cases the changes in stroke volume 
closely followed the changes in cardiac output when they were plotted as in figure 
1. This change in stroke volume was confirmed bj' means of the graphic records 
obtained by use of the cardiometer. Figure 2 illustrates the increase in systolic 
emptying oT the heart after addition of sodium caprjdate to the perfusion fluid. 
Discussion. Clark (2) found that various higher fatty acids improved the 
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functioning of the hypodynamic frog heart. Lissak (3) also found that sodium 
oleate had a stimulating effect on the fatigued frog heart. Clark, Caddie and 
Stewart (4) found that frog hearts poisoned with iodoacetate would contine to 
function if supplied with any fatty acid from proprionic to decoic. Furchgott 
and Shorr (5) using a mammalian smooth muscle preparation showed that fatty 
acids with an even number of carbon atoms were more effective in bringing about 
recovery of contractility after its failure due to substrate removal than were fatty 
acids with an odd number of carbon atoms. Such evidence indicates that the 
fatty acids may be utilized as sources of energy by frog heart and mammalian 
smooth muscle. Our work suggests an action of caprylate on frog muscle apart 
from its usefulness as a source of energy inasmuch as glucose was always present 
in the perfusion fluid. The brief period of action remains unexplained but may 
be considered additional evidence that caprylate is not acting as a substrate in 
this instance. 

The action of caprylate in strengthening the contractions of the heart with 
consequent improvement in systolic ejection and cardiac output does suggest 
the action of digitalis. A, further resemblance is its far more effective action on 
the weak and failing heart than on the fresh heart. Since the venous pressure 
was constant the effect must have been on the heart muscle itself. This is re- 
flected in the increased stroke volume and the more complete systolic emptying 
as shown by the graphic records and by visual examination of the hearts during 
the experiment. It was noted that the heart beat more forcefully and emptied 
more completely and in many cases the degree of dilation %vas reduced during 
the period of caprylate perfusion, only to have this improvement cease within 
two minutes after changing back to glucose-Ringers. 

SUMMARY 

Sodium caprylate added to glucose-Ringers in concentrations between 0.000625 
and 0.025 molar has a stimulating effect on the cardiac output of the isolated 
frog heart under conditions of constant venous pressure and peripheral resistance. 
Ihe effect is much more marked in hearts that have failed than on fresh hearts. 
The effect is brought about by an increase in stroke volume apparently by im- 
proving the contractility of the muscle. 
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Recent studies on the pharmacology of DDT have treated tvith short-term 
toxicity experiments on mammals (1-6), tvith its storage in animal tissues (7, S, 
9), and -ndth its excretion (8, 10, 11). No study of the lifetime effects of DDT 
on laboratoiy animals has been reported. Since long-term feeding e.xperunents 
with other substances in this laboratory have revealed deleterious effects which 
would not have been seen in e.xperiments conducted for shorter periods of time, 
it seemed advisable to feed DDT for the lifetime of the rat. 

Pabt I. Two-tear expemments. Method. Two experiments were conducted in which 
groups of weanling rata (21 days) from our colony of Osborne-Mendel strain were started 
on diets containing a commercial preparation of DDT composed of 81.8% p,p isomer and 
18.2% o,p isomer. In the first experiment, started early in 1943 when our supply of DDT 
was small, 5 groups of 12 male rats were fed on diets containing respectively 0, 100, 200, 400 
and 800 p.p.m. DDT incorporated in a 10% com oil solution. In a second experiment, 
started about a year later, 7 groups of 24 rats, equally divided between the sexes, were fed 
on diets containing respectively 0, 200, 400, 600 and 800 p.p.m. DDT incorporated in a 10% 
com oil solution, and 600 and SOO p.p.m. dry DDT for comparison with the oil solutions. 
Ground commercial rat biscuits with 1% added cod liver oil served as the basic diet. Litter 
mates were selected and assigned to the various groups in both experiments according to a 
randomized design of experiment (balanced incomplete blocks (12)). All animals were 
kept in individual cages in a room with controlled temperature and humidity and were 
given free access to their respective diets and water. Body weights and food consumption 
were determined at weekly intervals. 

Results. Since the second experiment involved a much larger number of 
animals than the first, the following discussion of results will be confined to the 
former except that mention will be made to any differences which occurred in the 
two experiments. 

The production of tremors. The first noticeable effect of DDT was a hyper- 
irritabiUty as shovm by a sensitivity of the rats to stimuli and the appearance of 
fine tremors, especially in those animals on 600 and 800 p.p.m. DDT in the diet. 
These tremors developed earlier in the female rats than they did in the male 
rats. The rats ivith severe tremors became progressively worse to the point of 
convulsions and death. The rats on the dosage levels of 600 and 800 p.p.m. 
DDT that survived for the first year exhibited only moderate tremors notabl}’’ 
during the early part of the exposure and later appeared to recover. In the group 

* A portion of the funds used in this investigation was supplied bj- a transfer, recom- 
mended by the Committee on Medical Research, between the Ofiice of Scientific Research 
and Development and the Division of Pharmacology of the Food and Drug Administration. 
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on 400 p.p.ni. DDT, 10 out of 24 animals showed extreme tremors before death; 
8 of these 10 were female rats. Severe tremors were noted in 2 female rats in the 
group on 200 p.p.m. of DDT. 

Since a large amount of DDT may be stored in the body tissues (7), a study was 
made to show the effect of starvation on the metabohsm of the stored DDT. 
At each dosage level the DDT-containing diet was -withdrawn from 3 rats which 
had been on the experiment for 18 months and had exhibited no severe nervous 
symptoms up to that time. Within 24 hours after -withdrawal of all food the 
rats formerly on 600 and 800 p.p.m. DDT showed marked tremors. Those for- 
merly on 200 and 400 p.p.m. DDT showed increased irritability. In a similar 
study to show the effect of partial starvation the DDT-containing diet was ex- 
changed for the control diet reduced to a fourth of the daily food requirement. 
The partial starvation did not produce characteristic DDT tremors in rats from 
any group. 

The effect on food consumption and growth. It was showi in a paired feeding 
experiment (7) that 800 p.p.m. DDT produces a significant retardation in growth 
without a corresponding decrease in food intake. Likewise in this experiment 
there was no significant (p = .05, or less, is significant) difference between the 
food intake of any group of animals and that of the controls. 

Since many animals on the 800 p.p.m. DDT died early, the interval of the first 
12 weeks on the experimental diet was selected as the first period of study for a 
comparison of growth data from all groups. During this period the retarding 
effect of DDT on growth was significant for the female rats at concentrations of 
400 p.p.m., or more, and for the male rats only at the 800 p.p.m. DDT in the diet. 
There was no increase in the effect on growth of the female rats as the concentra- 
tion of DDT increased from 400 to 800 p.p.m. 

In order to study the effect of DDT on growth for a longer period, a second in- 
terval of the first year on the experimental diet was selected. At the end of the 
year only 1 female rat was living from the two groups on 800 p.p.m. DDT. An 
analysis (table 1) shows that there -was a retardation of growth in all groups 
of female rats; however, the value for the group on 200 p.p.m. remained non- 
significant. Slight retardation of growth occurred in the male rats on 600 and 
800 p.p.m. DDT. The difference between the group on 800 p.p.m. dry DDT and 
the controls was significant at 3 months. Because of the small number of rats 
sunwng for a year, this difference became not significant. 

As shown in table 1 the dissolving of DDT in com oil did not change the toxic 
effect of DDT on growth at the concentrations used in this experiment. 

The effect on mortality. The mortality rate of the rats fed diets containing DDT 
was related to the dosage of DDT and to the sex of the rats (table 2). DDT 
at 800 p.p.m. in the diet produced severe nervous symptoms -which -were followed 
by death in many animals irithin the first few months. Severe nervous involve- 
ment occurred earlier in the female rats than in the male rats and death occurred 
earlier, therefore, in them. At the 800 p.p.m. level only 1 female rat lived for as 
long as a year. There was an increase in mortality' rate for the female rats over 
that of the controls on all concentrations of DDT. The per cent difference in 
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TABLE 1 


Mean gain in weight of rats fed diets containing DDT (second experiment) 


TlilE 

POSACE or DDT 

SEX 

NO. OF ANZUAIS 

SifEANCAINlK WEIGHT 

months 



|||■|■■||| 



0 

M 


310.2 ±13.3 



F 


203.3 ± 6.8 


200 

M 

12 

' 300.8 ± 9.5 



F 

12 

203.7 ± 6.8 


400 

M 

12 

316.6 ± 5.3 



F 

12 

177.3 ± 6.4t 

3 

600 

M 

12 

279.9 ±11.4 



F 

12 

178.8 ±60.0t 


/600 

M i 

12 

280.0 ± 9.9 


\Dry 

F 

1 

10 

176,7 ± 4. It 


800 


12 

273.7 ±14.8 



F I 

12 

172.8 ± 7,7t 


/800 


10 

255.7 ± 8.5t 


IDry 

F 

9 

177.2 ± 7.6t 


0 

M 

10 

486.6 ±18.9 



F 

11 

293.5 ±10.7 


200 

M 

9 

48S.1 ±26.5 

1 

1 


F 

10 

282.0 ±10.9 

1 

400 

M 

10 

1 

537.8 ±24.2 



F 

9 

253.7 ±10.8* 

12 

600 

M 

11 

481.4 ±23.2 



F 

5 

240.4 ±14.9* 


feoo 

M 

11 

463.6 ± 8.7 


\Dry 

F 

3 

238.7 ± 4.4t 


800 

M 

10 

473.7 ±21.0 



F 

1 



/800 

M 

6 

459.8 ±12.9 


IDry 

F 

0 



* p < .05 — > .01. 
t p < .01. 


the mortality rate between the experimental groups of females and those of the 
control at a year on the experimental diets ranged from 8.3% for those on 200 
p.p.m. DDT to 91.7% for those on 800 p.p.m. At the end of the e.xperimental 
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period the differences appeared to have a definite break at 400 p.p.m.; however, 
because of the small number of rats the difference at 600 p.p.m. was not signifi- 
cant. When all groups of female rats on 400 to 800 p.p.m. DDT were compared 
jointly with those on the 200 p.p.m. DDT and the control group the difference 
in mortality rate was found to be highly significant. 

Fewer male rats were living at the end of the experimental period in the groups 

TABLE 2 


Per cent mortality of rats fed diets containing DDT 


VOACz OP DDT 

SEX I 

12 MOS. 

18 VOS. 

1 24 MOS. 

First experiment 

p.p.m. 1 





0 1 

M 1 

25 

58.3 

66.7 

100 

M 

33.3 

50 

58.3 

200 

M 

33.3 

41.7 

66.7 

400 

M 

25 

58.3 

83.4 

800 

M 

75 

83.4 j 

91.7 


Second Experiment 


0 

M 

16.6 

60 

75 


F 

8.3 

25 

68.3 

200 

M 

25 

33.3 

50 


F 

16.6 

25 

83.4 

400 

M 

16.6 

75 

91.7 


F 

25 

1 50 

1 

100 

600 

M 

8.3 

33.3 

83.4 


F 

41.7 

66.7 

83.4 

/600 

M 

8.3 

41.7 

83.4 

iDry 

F 

58.3 

66.7 

91.7 

800 

M 

16.6 

41.7 

83.4 


F 

91.7 

91.7 

100 

fsoo 

M 

50 

66.7 

83.4 

IDry 

F 

100 

100 

100 


on 400 p.p.m. or more of DDT than in the control group, but the difference 
between groups was not significant. There was no definite relation of the mor- 
tality rate to the dosage of DDT as mentioned above for the female rats. In 
the first experiment the.death of 5 male rats on 800 p.p.m. DDT within the first 
two weeks accounts for the difference in mortality in the 2 experiments. No 
e.xplanation can be advanced for the death of these rats early in the e.xperimental 
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period. The paired feeding experiment referred to previously (7) gave results 
similar to the second experiment. 

There was no difference between the mortality rate of the rats on diets with the 
DDT dissolved in com oil, and that of rats on diets with the same concentration 
of dry DDT. 

The effect on the weights of the liver, kidneys and spleen. At autopsy it was 
noted that the livers, and to a lesser extent the kidneys and the spleens, of the 
experimental animals were larger than those of the controls. Weighing these 

TABLE 3 


The effect of chronic ingestion of DDT on the weight of the livers, kidneys and spleens 

of rats 


DOSAGE 
or DDT 

SEX 

KO. OF SATS 

1<EAK WXICHT (CBAMS FES ECU. OF BODY WEIGHT) 

Liver 

Kidne>'s 

Spleen 

p.p.m. 






0 

M 

6 

25.6 ±2.9 

6.6 ±0.5 

1.1 ±0.2 


F 

7 

32.7 ±3.5 

7.4 ±0.4 

1.7 ±0.3 

100 

i M 

1 

4 

32.2 ±1.6 

7.4 ±0.5 

1.6 ±0.1 

200 

1 

M 

7 

33.2 ±2.6 

6.3 ±0.3 

1.9 ±0.2 


F 

9 

48.7 ±3.8t 

8.5 ±0.4 

2.1 ±0.4 

400 

M 

6 

39.9 ±2.9t 

6.8 ±0.2 

1.4 ±0.4 


F 

7 

42.7 ±2.3* 

8.3 ±0.8 

1.7 ±0.4 

600 

M 

7 

41.4 ±3.5t 

8.5 ±0.5* 

2.0 ±0.4 


F 

4 

67.3±3.3t 

9.1 ±0.5* 

1 

2.3 ±0.7 

fooo 

M 

5 

44.1 ±6.1* 

8.5 ±0.3* 

1.3 ±0.6 

IDry 

■■ 

4 

60.6±2.1t 

9.2 ±0.7* 

1 

1.8 ±0.4 

1 

800 1 

B 

8 

47.3 ±3.7t 

8.3 ±0.4* 

1.6 ±0.2 

fsoo 



44.2±1.5t 

8.7 ±0.5* 

2.0 ±0.3 

\Dry 

U 






• p. <.05 - >.01. 
tp. <.01. 


organs of rats, which had been on diets containing DDT for 18 months, or more, 
confirmed this observation, the results of which are sho^vn in table 3. The differ- 
ences in weights of these organs increase with the increase in concentration of 
DDT in the diets. The data in table 3 show that the mean liver weights of all 
groups of female animals and of those of males on diets containing 400 p.p.m. 
DDT, or more, were significantly larger than the corresponding controls. The 
kidneys and spleens showed less striking effects than the livers; however, the 
differences for the kidneys of all groups on 600 and 800 p.p.m. DDT were signif- 
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icant; the differences in the mean weight of the spleens were not significant. 
The hypertrophic effects of DDT become more striking when it is remembered 
that the lighter organs came from the heavier control animals, and the heavier 
organs from the lighter experimental animals. We have shown in another ex- 
periment from this laboratory (7) that this hypertrophy is not a hydration but 
an actual increase in the amount of tissue as shown on a dry basis. 

Pathology. The findings in the first ten rats dying during the course of the 
first experiment have already been published (13) as part of a study of the histo- 
pathological changes following administration of DDT to 9 species of animals. 
The 38 rats discussed in that paper had been treated for periods ranging from a 
few days to 32 weeks. In general, those subjects treated for the longer periods 
showed changes of the type about to be described, while with shorter periods of 
treatment the affected animals showed toxic lesions of a more acute and non- 
specific nature. 

Of the 60 rats started on the first experiment, 47 w’ere sent to the pathology 
laboratory for examination, and of this latter number, 36 were examined micro- 
scopically as outlined in the next paragraph for the rats of the second experi- 
ment, with minor exceptions. Since the second experiment involved a much 
larger number of animals, and since the findings in the two series w'ere essentially 
similar, the principal portion of the description will refer to the findings in the 
second series, with mention of any difference in the first series when such a differ- 
ence was present. Of the 168 rats started on the second ex-periment, 145 were 
sent to the pathology laboratory for examination, and of this latter number 126 
were examined microscopically in a uniform manner. Advanced post mortem 
autolysis accounted in the majority of instances for the difference between 
the number in each of the last twm categories and the number in the preceding 
one. 

Paraffin-embedded sections stained with hematoxylin and eosin were routinely 
made of lung, heart, liver, spleen, pancreas, stomach, small intestine, colon, 
Iddney, adrenal, testis, thyroid and (except in the 200 p.p.m. and control groups) 
hind leg muscles. Ovary and uterus were sectioned in about half the females, 
and parathyroids were encountered in about half the thyroid sections. Other 
structures such as lymph nodes, hing leg bones, and bone marrow, were sectioned 
in a moderate number of instances, about two dozen of each. Special stains for 
fat and for iron-containing pigment were done in a few instances. 

Perhaps the one outstanding gross change in the treated animals w'as the in- 
creased size of the liver, as shown in table 3. In about a fourth of the animals 
the liver had a “nutmeg” appearance, more frequent on the higher than on the 
lower dosage levels, and not seen in the controls. Five rats, three in the 800 
p.p.m. in oil group, had a yellowish or tan tinge to the liver. In 4 rats, scattered 
among the various dosage levels, the adrenals w’ere specifically noted to be large. 
Eight animals, 4 receiving 800 p.p.m. in oil, had bloody material m the stomach 
or small intestine. The gross characteristics concerned in the slight tendency 
of DDT to produce liver tumors will be dealt with later in this summary. The 
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external appearance of the rats, and the lungs, heart, spleen, Ijunph nodes, pan- 
creas, kidneys, testes, uterus, ovaries, thyroid and parathyroids, showed no 
gross effects from DDT, except for weight reduction in some instances. 

hCcroscopically, the observations led to the same conclusion as was found in 
the first two-year experiment, namely, that the chief lesion in long-term e.xperi- 
mental rats is a moderate degree of liver damage of a characteristic tiTie. Also 
noted in both series was a minimal hepatocarcinogenic tendency, evident late 
in the experimental period. A finding not noted in the first series, because it 
contained no females, was a stromal fibrosis and cellular proliferation in the 
ovary; this, like the tumorigenic tendency, occurred only after aboutthe ninetieth 
week of feeding. Fatty change in the liver, although not of high grade, was 
more evident in the second series. Also evident microscopically were a slight 
generalized increase in size of the adrenals, a slight generalized increase in number 
of interstitial cells in the testis, and a slight brown pigmentation of the epithelium 
of the renal convoluted tubules. The latter three changes were all of minor 
degree, but some of them are perhaps of physiological interest. 

The characteristic microscopic change in the liver was proportional to dosage 
level, although the lower grades of the change were generally present even at the 
lowest dosage level of 200 p.p.m., and in the first series at 100 p.p.m. No differ- 
ence in intensity could be absented between dry and oily dosage forms at the 
same dose levels, or between sexes. The lesion consisted principally in hnser- 
tropy and increased cytoplasmic oxyphilia of the centrolobular hepatic cells, 
plus increased basophilia and margination of the cytoplasmic granules, and a 
tendency to hyalinization of the remainder of the cytoplasm. This general tjTpe 
of change in the liver has been noted by us (13) in animals other than the rat (mice, 
rabbits) given DDT, and also in at least one other laboratory (14) in animals 
receiving DDT. In a small proportion of the rats the typical change appeared 
to have migrated peripherally in the lobule, or to have been overshadowed by 
other changes, principally necrosis. The periportal hepatic cells, only rarely 
showing the characteristic DDT changes, were generally somewhat atrophic. 
The increased weight of the livers of the treated animals could easily be explained 
on a basis of centrolobular cellular hypertrophy, when it is considered that dou- 
bling each dimension of the hepatic cell would increase its volume approximately 
eight times; an increase in the number of hepatic cells would not have to be 
invoked. 

Centrolobular necrosis, or focal necrosis within centrolobular areas, both super- 
imposed on the typical DDT change, occurred in many of the livers of the treated 
rats. The same condition was seen to a lesser extent in the first series. It 
was somewhat less frequent at the lower dosage levels, and was absent in the 
controls. It was rather distinctly more frequent in those animals found dead 
than in those surviving the e.xperimental period. The necrosis generally had an 
acute appearance and it seems reasonable to assume that much of the necrosis 
was a te rmina l phenomenon in djung animals, occasioned by the release of DDT 
from storage in body fat (7) when such fat was used up during the terminal period 
of semi-starvation. Vacuolation of the hepatic cells in the paraffin sections. 
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showed a peculiar change, present at all dosage levels and not in the controls, 
in fact not noted previously in any of our rats. The change consisted in an actual 
hs well as a relative increase in amount of stroma, with the presence within this 
stroma of rather numerous relatively large, generally irregular, pale cells with a 
moderate amount of cytoplasm. Some of the cells were arranged in glandlike 
formations. So little has been written on the pathology of the senile rat ovary 
that the significance of these changes is imcertain. Both treated and control 
rats showed decreased numbers of follicles, which is to be expected as a senile 
change. 

Focal necrosis of voluntary muscle (hind leg muscles were sectioned) was 
generally of minimal or questionable degree, but was distinct in a few instances 
at 600 or 800 p.p.m. A high grade of this lesion had not been expected, but since 
voluntary muscle had been, nex-t to liver, the structure most damaged bj' DDT 
in more acute experiments, its examination was desired in this one as an addi- 
tional factor of evaluation between dose levels. It is very difficult to 'determine 
a minimal degree of old muscle damage (after replacement rvith scar tissue) 
•with certainty; however, even a minimal amount of acute necrosis is ea^ to see. 
Some degree of change was noted in one-fourth to one-half the rats on 600 and 800 
p.p.m., and curiously enough, more frequently at the lower of these levels than 
at the higher. No difference between dosage forms could be distinguished. At 
400 p.p.m., only 2 rats in 21 showed changes and these were of ± degree. Since 
this is about the expected incidence in untreated rats, muscles in the 200 p.p.m. 
and control groups were not examined routinely. 

Certain minor changes were best seen on the higher dosage levels. Splenic 
atrophy and reduced numbers of secretory granules in the acinar cells of the 
pancreas ■were accompaniments of inanition. A slight degree of testicular at- 
rophy may also belong here, or it may be a direct toxic effect of the DDT. While 
some spleens were atrophic, other were slightly hyperplastic, suggestively a 
DDT effect; there was also a suggestion of minimal thyroid hyperplasia. Bone 
marrow was sectioned in 21 treated rats and, as in the thyroid, there was sugges- 
tive minimal hyperplasia at the higher dose levels. The bleeding into the gas- 
trointestinal tract mentioned under the gross findings came from small foci of 
hemorrhagic necrosis in the mucosa of the glandular part of the stomach; this is 
not specific for DDT. 

Bile duct proliferation, splenic and adrenal pigmentation, small ulcers in the 
forestomach (proventriculus), renal tubular atrophy, protein material in renal 
tubules, focal thyroid hyperplasia, islands of Langerhans, lymph nodes, heart, 
lung, stomach, small intestine, colon, uterus, parathyroids, and hind leg bones 
were the same in the DDT-treated groups as in the controls and in the general 
nm of our compamble rats. Lymphosarcomas of the lung were less frequent in 
the second series than in the first, but this fact has probably no relation to DDT. 
Other tumors, and leukemia, showed the usual incidence. 

Part II. Liver restoration in rats fed diets containing ddt for 12 
WEEKS. A group of 16 female rats were given 1000 p.p.m. DDT in the diet for 
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12 weeks. At this time 4 rats were sacrificed, and the remainder was sacrificed 
in pairs after placing them on the same diet without DDT for additional periods 
of 1, 2, 4, 6, 8 and 10 weeks respectively. In the 4 rats sacrificed at the termina- 
tion of feeding, the histopathological changes were typical of DDT poisoning. 
Changes were almost entirely confined to the liver, in which there was an enlarge- 
ment of the centrolobular hepatic cells, with more oxyphilic cytoplasm and more 
distinct large basophilic granules than in the slightly atrophic cells of the peri- 
pheral halves of the lobules. There was a slight tendency to cytoplasmic hyalini- 
zation and peripheral segmentation of the basophilic granules in the centrolobular 
cells. The thyroid showed slight colloid depletion and the accumulation of 
debris ivithin follicles. Leg muscle, heart, lung, spleen, pancreas, gastrointestinal 
tract, kidney, adrenal, bone and bone marrow were negative. 

In the rats sacrificed at intervals after cessation of feeding DDT, those sacri- 
ficed at 1 and 2 weeks afterwards shovred livers very similar to those described in 
the preceding paragraph, while at 4 weeks and 6 weeks there was little of this 
change, and the livers could have been passed as showing no distinct damage, had 
not residues of a specific nature been sought. The livers at 8 and 10 weeks had 
a normal appearance. 

Discussion. The observations of this e.xperiment show that chronic poisoning 
with small amounts of DDT is characterized by degenerative changes in the liver 
and other organs. This tojdcity places a definite and inherent danger in the con- 
sumption of small amounts of DDT for a long time. The storage and the slow 
excretion of DDT increase the possibility of chronic poisoning. Another char- 
acteristic is the wide variation in individual susceptibility within the same species 
as well as between different species of animjals (3). In order to correlate the 
dosage levels with the body weights of animals, the intake of DDT was calculated 
in terms of the daily intake per kgm. of body wei^t (chart 1). These values 
were calculated from the weekly food intake of the rats from both experiments 
at the various monthly inten'als. The DDT intake of the rats at any ^ven 
dosage level decreased rapidly during the first 2 months and then became almost 
constant as shown by the straight line (chart 1) at about 6 months on the experi- 
mental diet. This fact is accounted for by the change in the grondh rate of the 
rats from the fast growing period to the plateau period, while at the same time 
their daily food intake remained almost constant. As noted above, surviiing 
rats on concentrations of 600 and 800 p.p.m. DDT recovered from severe tremors 
after they had reached the plateau period. The chart shows that the daily intake 
of DDT in mgm. per kgm. of body weight varied from 52.5 and 73.3 at 1 month 
to 27.8 and 3.82 at 6 months for the male rats on 600 and 800 p.p.m., respectii'ely. 
Similarly females ingested from 57.1 and 78.9 to 33.2 and 43.1 mgm. DDT per 
kgm. of body wei^t during the same time. Therefore, this early toxicity was 
produced at least in part by the increased intake of DDT during the first 6 months 
of tile experimental period. Furthermore, part, if not all, of the increased 
toxicity obsen'ed in the female rats was undoubtedly caused by the greater 
amount of DDT per kgm. of body weight consumed by them than by the male 
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rats fed a similar concentration. For example, female rats on the concentration 
of 200 p.p.m. DDT consumed about 10.5 mgm. per kgm. of body weight per day 
for the greater part of the experiment, while male rats consumed 8.5 mgm. per 
kgm. of body weight per day for the same period. 

As shown by the chart the dosage level of 100 p.p.m. DDT corresponds to 
about 4.5 mgm. per kgm. of body wei^t per day for the rat over the greater part 
of the 2-year experiment. The 100 p.p.m, concentration in the diet appears to 
be a dosage level of DDT at which only slight chronic poisoning occurs in all 



Chart 1. Calchuated DDT Ihtake in Moif./Kcsr. or Bopr IVEioHr in Rats Receivino 
Various Leveis of DDT in the Diet 

rats. Another experiment with DDT in dosage levels of less than 100 p.p.m 
will be reported later. 


SUMMARY 

In rats fed diets containing from 100 to 800 p.p.m. DDT for a period of 2 
years, the following effects were noted. 

1. DDT produced chronic toxicity in rats at all concentrations. 

2. The outstanding and characteristic histopathological lesion caused by DDT 
under the conditions of this experiment was a hypertrophy of the centrolobular 
hepatic cells with an increased cytoplasmic oxyphilia, plus increased basophilia 
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and margination of the cytoplasmic granules, and a tendency to hyalinization of 
the remainder of the cytoplasm. Frequently there was superimposed more or 
less of centrolobular hepatic cell necrosis, much of which had an appearance of 
bemg recent. 

3. Slight focal necrosis of hind leg muscles was found frequently. This was a 
much less prominent lesion than liver damage. 

4. DDT showed a minimal tendency to cause formation of hepatic cell tumors. 
This tendency did not operate until after 18 months of feeding. 

5. In the later months of the experimental period the ovarian stroma under- 
went fibrosis and cellular proliferation. 

6. The microscopic lesions observed, except for focal necrosis of the hind leg 
muscles, showed a fairly distinct gradation with dosage level. They, varied from 
slight at 100 p.p.m. to marked at 800 p.p.m. DDT. 

7. An increased intake of DDT-coataining diet per kgm. of body weight during 
the fast growing period of the rat produced an increase in toxicity. 

8. The greater intake of DDT per kgm. of body weight by female rats than 
that by male rats on similar concentrations produced an increased toxicity in the 
females. 

9. At concentrations of 400 to 800 p.p.m. DDT, rats showed characteristic 
nervous symptoms of poisoning. Lower dosages produced an increased irrita- 
bility. Muscle tremors were more pronounced in female rats than males. 

10. Concentrations of 400 to 800 p.p.m. DDT in the diet retarded growth of 
female rats. In male rats only 800 p.p.m. DDT retarded growth. 

11. The livers, and to a lesser extent the kidneys of experimental animals, 
were larger than those of the controls. These differences were more pronounced 
in the groups on 600 and 800 p.p.m. DDT. 

12. At concentrations of 400 to 800 p.p.m. DDT in the diet, female rats showed 
an increased mortality rate. DDT at concentrations used in this experiment did 
not produce any effect on mortality rate of male rats. 

13. DDT did not affect the food consumption of rats. 

14. The withdrawal of all food from the chronically fed rats on 400 to 800 
p.p.m. DDT produced characteristic tremors within 24 hours. 

15. No difference in incidence or degree of changes occurred between animals 
given DDT in drj' form and those given DDT in com oil solutions. 

In rats sacrificed at inten’als after cessation of feeding 1000 p.p.m. DDT in 
the diet for 12 weeks, those sacrificed at 1 and 2 weeks afterwards ^owed dam- 
aged livers, while at 4 and 6 there was little change. The livers of rats sacrificed 
after withdrawal of DDT for 8 and 10 weeks exhibited a normal appearance. 
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In previous communications (1) the antihistaminic and antianaphylactic prop- 
erties of N,N-dimethyl-N'-benzyl-N'-(a-pyridyl)-ethylene diamine hydro- 
chloride (Pyribenzamine) were demonstrated. Important tests of such prop- 
erties concern the drug’s effects on smooth muscle, notably that of the bronchial 
apparatus as demonstrated by Mayer (1) in his studies on histamine-induced 
asthma and anaphylaxis in mvo. We chose other approaches to this problem 
and this report deals mth such studies in the lungs of normal and sensitised 
guinea pigs and dogs. 

A. Studies of the guinea pig lung. Method. Lungs of normal and “horse-serum 
sensitised” guinea pigs of varied ages were prepared according to the modified method of 
Tainter, Pedden and James (2) in which the lung was continuously perfused with a specially 
prepared, aerated fluid at a temperature of 37.5°C. Perfusate was measured at regular 
intervals and modifications of fluid output by the lung were effected by intratracheal in- 
jections of drugs to be studied. After an interval of approximately 15 minutes for control 
purposes, the following drugs were instilled into the perfusion line just above the suspended 
trachea: Histamine phosphate, 50 micrograms; Pyribenzamine, 25 to 50 micrograms; Horse 
serum (Lederle), and in a few experiments, N'-phenyl-N'-benzjd-N-dimethylethylene dia- 
mine HCl, known as Antergan (3), for the purpose of comparing this antihistaminic with 
Pyribenzamine. 

Several guinea pigs were sensitized to horse serum some 15 to 20 days pre- 
vnously by injections of 0.5 cc. intramuscularly. Some of these animals were 
given Pyribenzamine subcutaneously at varjing intervals prior to lung excision. 

Results. The bronchial tonus of lungs excised from 41 normal and 14 "sensi- 
tized” guinea pigs showed no significant detdation from normal even after 3 to 
4 hours of non-medicated perfusion. The age of the animals made no difference 
in responses obtained. 

Tile standard dose of .50 micrograras of histamine consistently produced a 
marked and immediate constriction of the bronchial musculature as reflected by 
the great diminution in perfusate per minute (fig. 1). This histaminic contrac- 
tion was decidedly reduced by 25 to 50 micrograms of Pyribenzamine (fig. 1). 
Tliesc amounts of Pyribenzamine were without marked effect on normal bronchial 
tonus; however, slight evanescent constriction occasionally followed such ad- 
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ministration. Also, there was no accumulation of such effect as a result of rep- 
etition of these doses of Pyribenzamine. 

The protection afforded by Pyribenzamine against histamine-induced contrac- 
tion of bronchiolar musculature lasted for approximately 20 to 40 minutes but 
each successive injection of histamine became more effective until complete re- 
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Fig. 1. Perfusep Lung of Guinea Pig 

The rate of perfusion expressed in milliliters per minute is shown on the ordinate and 
the time in ten minute intervals on the abscissa. The protective effect of Pyribenzamine- 
(PBZ) 0.025 mg. against histamine phosphate. 0.050 mg. is indicated in A; that of Antergan 
against histamine phosphate in corresponding amounts in B. 

covery from Pyribenzamine ensued (fig. 1-A). Simultaneous injection of Pyri- 
benzamine and histamine afforded much less protection than was obtained whea 
Pyribenzamine had been administered some 10 minutes before histamine. 

The injection of Pyribenzamine at the time of maximum bronchial constriction 
seemed to prolong significantly the protective effect of this drug against successive 
histamine injections (fig. 2). Perfusion of the lung with a solution containing 
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O.I7/CC. of Pyribenzamine gave complete protection against the constriction 
■caused by 100 micrograms of bistamined 

Approximately etjual protection was afforded against histamine-induced con- 
traction by Antergan (RP2339) in all of eleven experiments conducted (fig. 1-B). 
Horse serum did not alter the rate of perfusion (fig. S-a) in the normal lung. 
Horse serum caused an immediate and marked bronchiolar contraction in the 
lung of the guinea pig sensitized to horse serum (fig. 3-b). This lung did not 
usually recover from such contraction, whereas the normal lung constricted by 
histamine invariably did (fig. 1). 



The rate of jrerfusion expressed in miUiUters per minute is shown on the ordinate and the 
time in ten minute intervals on the abscissa. The protective eSect of Pyribenzamine 
(PBZ) 0,0^ mg. against histamine phosphate, 0.050 mg. is indicated. It is obvious that 
the injection of Pyribenzamine (PBZ) at the time of maximal constriction caused by 
histamine has markedly enhanced the antihiataminic action of Pyribenzamine (PBZ) . 

The bronchiolar contraction produced by horse serum in the sensitized lung 
in vitro was not favorably affected by Pyribenzamine (fig. 3-c). 

In the perfused lungs of 7 guinea pigs to which Pyribenzamine, 20 mg./kg. 
had been given subcutaneously 20 minutes before excision of the lungs, the anti- 
histaminic agent had some effect in three, but no effect in four (fig. 4). 

The blue dye, T-1824, was employed in several experiments in order to deter- 
mine the distribution of the perfusing fluid and its rate of perfusion; the results 
and their significance have been reserved for discussion below. 

Discussion. The protection which Pj'ribenzamine afforded the bronchial 
musculature of the guinea pig against histamine in this investigation confirmed 

> Wc arc indebted for these findings to our associate, Dr. B. K. Graver. 
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such protection which Mayer, Huttrer and Schoiz (4) had demonstrated for 
this compound in ^nvo in mice and which Loew, Kaizer and Moore (5) had shown 
for the benzhydryl alkamine ethers of Rievschel (6) against histamine-induced 
asthma in intact guinea pigs. 

Although the antihistaminic effect in vivo (4) was often complete and pro- 
longed with adequate dosage of Pyribenzamine, the drug in our in vitro e.Yperi- 
ments was slightly less effective. In an attempt to prolong the effect in -vitro, 
Pyribenzamine -n’as given at the height of bronchial constriction so that the at- 
tending limited output with slower rates of perfusion might permit longer contact 



Fig. 3. Studies of the Perfused, Excised Guinea Pig Lung in Anaphteaxis. 

Perfused Lungs of Normal Guinea Pig and of Guinea Pigs 
Sensitized to Horse Serum 

The rate of perfusion expressed in milliliters per minute is shown on the ordinate and 
the time in ten minute intervals on the abscissa. The lack of effect of 10 mg. of horse serum 
in the normal lung is shown in a. The retarding effect (bronchospasm) of 10 mg. of horse 
serum on the perfusion in the lung of the sensitized guinea pig is seen in b and the failure 
of 0.100 mg. of Pyribenzamine (PBZ) to protect against such retarding effects in c. 


of the antihistaminic agent with the receptive substance in the bronchial mus- 
culature. Definite advantage -was gained (fig. 2) by this technique and sufficient 
encouragement was afforded to warrant the assumption that continuous perfusion 
of Pyribenzamine might offer continued protection against histamine, thus more 
nearly approximating those conditions prevailing in vivo, i.e., rather constant 
medication for longer intervals. Our results indicate that this assumption was 
justified. 

It is difficult to interpret the lack of protection by Pyribenzamine against 
horse serum anaphjdaxis in vitro, since this is in direct contrast to results with 
anaphylaxis in the intact guinea pig (4). It may be that bronchial constrictors 
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other than histamine attend such reactions when the anaphylactogen is applied; 
slight protection was offered in vitro, however, to some lungs of the sensitized 
animals receiving Pyribenzamine subcutaneously prior to perfusion of the lung. 
This protection may have been based on the specific antihistaminic property of 
Pyribenzamine. On the other hand, the lungs of the remaining sensitized pigs 
received no protection against the antigen in vitro, even though sufficient 
amounts of Pyribenzamine had been given in vivo to produce marked tordc mani- 
festations such as tremors, gasping and incoordinated locomotion. Such animals 
may require continued medication with well tolerated amounts of Pyribenzamine 
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Fio. 4. Studies of the Perfused, Exctsed Guinea Pig Lung in Anaphvl.axis 
Perfused Lungs of Sensitized Guinea Pigs 

The rate of perfusion expressed in milliliters per minute is shown on the orditfate and the 
ten minute intervals on the abscissa. The failure of 0.100 mg. of Pyribenzamine 


^ mg./kg. subciUaneously; this partial protective action is represented by recovery from 
such retarding effects rather than by complete protection against it. 

for hours, or even daj’s, in order to effect a tissue concentration of the drug ade- 
quate for protection against the anaphylactogen administered in vitro. Why the 
sensitized animal in its entirety can be protected in vivo while its bronchial mus- 
culature in vitro does not lend itself to such protection is a moot point. The al- 
ternative possibility is that the lung, although chiefly concerned, may not be the 
only important organ entering into the anphylactic sequence in the guinea pig; 
there may be other organs or systems receiving protection from Pyribenzamine 
in vivo which are not demonstrable in the experiment with the isolated, perfused 
lung. 
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The interpretation placed upon our results seems valid in the light of results 
gained with the blue dye, T-1824; apparently, Pyribenzamine and histamine 
permeated all parts of the limg since the blue dye, injected intratracheally, 
diffused through the perfusate into the entire lung bed. It is thus presumed that 
the responses of the bronchial muscle to all drugs were “in toto” reactions rather 
than variable, regional ones. The consistency of results obtained with control 
injections of histamine from lung to lung would tend further to substantiate the 
conclusions drawn from all antihistaminic reactions observed with this techm'que. 

B. Studies OF THE DOG LUNG Method. The bronchial tonus of the lungs of dogs whose 

chests were surgically prepared under Sodium Pentobarbital for the insertion of the Jackson 
(7) chest plethysmograph was registered tambourically. Artificial respiration was pro- 
duced with the Harvard Respirator Pump and blood pressures were recorded concomitantly 
with the Anderson (8) glass membrane manometer. 

Skeletal muscle tone was insulated against central control by dihydrobetaerythroidin (9) 
and it was customary in most of our experiments to section the phrenic, and usually the 
vagal nerves, prior to the administration of other drugs. These drugs included histamine 
phosphate, Pyribenzamine hydrochloride, Mecholyl hydrochloride, physostigmine salicy- 
late and atropine sulphate; all were administered intravenously on a basis of milligrams per 
Idlogram of body weight. Several dogs which were sensitized 3 to 4 weeks previously to 
horse serum received this antigen intravenously. 

Besulls. The bronchial muscle of the dog was frequently, but not at all con- 
sistently, contracted by histamine in varying dosage. The usual doses employed 
in 20 dogs in this study ranged from 15 to 50 micrograms and if once effective, 
successive injections quite consistently duplicated this constriction (figs. 5 and 
6). Physostigmine was occasionally employed with the hope of rendering more 
responsive the bronchial muscle of those dogs failing to respond to histamine, but 
the latter drug’s action w’as not enhanced by physostigmine given before or after 
Pyribenzamine (fig. 5). 

Histamine-induced bronchial constriction could be completely prevented by 
Pyribenzamine in sufficient dosage, usually 3 mg., and this protection invariably 
endured for the rest of the experiment, i.e., for three hours or more (figs. 5 and 6). 

Accompanying the bronchial constriction by histamine, there w'as invariably 
a marked, acute hypotension, the duration of which w’as determined by the 
amount of histamine administered. Fortunately, this hypotension endured for 
only a few minutes but with successive doses of histanune, normal tension gradu- 
ally declined in some cases to mean levels 30% to 50% below' normal (fig. 6). 

These pressure changes, both acute and gradual, could be combatted to some 
extent in most instances by Pyribenzamine in 3 mg. dosage (fig. 6). Whereas 
acute histamine-hypotension might be less marked immediately following Pyri- 
benzamine, it became more marked during the gradual recovery of average 
pressure to normal levels (figs. 5 and 6). 

In none of ten experiments with sensitized dogs were w'e able to demonstrate 
any contraction of the bronchial musculature after administration of horse serum 
(fig. 7), although anaphylaxis was evident from the marked hj’potension attend- 
ing such administration of serum. In this type of e.xperiment, how'ever, the 



PYEIBENZAMINE 


37 


bronchi still could react strongly to histamine, either before or after horse serum. 
The vascular anaphylactic reaction could be prevented by Pyribenzamine in 
adequate dosage, usually 3.5 mg. (1-d). 

Acetylcholine or Mecholyl, rvith pbj'sostigmine, invariably produced hista- 
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Fio. 5. 2-2345. Dog, 10 kg., pentobarbital anesthesia, Jackson plethysmograph. 
From above downward: bronchial tonus, arterial pressure, time in minutes. The pro- 
tective effect of Pyribenzamine, 3 mg. against bronchial constriction and hypotension due 
to histamine, 15 micrograms, is evident. Attempts to break through this anthistaminic 
block by sensitizing receptor substances to histamine with physosligmine were unsuccess- 
ful, even when 50 micrograms of histamine were employed. Between A and B a time 
inletyal of approximately 90 minutes elapsed, during which vagal faradization, histamine, 
15 micrograms, and dihydrobetaerythroidin, 5 mg., were exercised. 

mine-like reactions in norma! and sensitized animals in relation to both bronchial 
constriction and hypotension. Pj-ribenzamine was of little value, prophylac- 
lically or correctively, in these situations; atropine was of greater value (fig. 8). 

Dheussion. Tlie failure of the bronchial musculature to respond antigenicalij’ 
to horse scrum by contracting was not too surprising since in tbe dog, as is well 
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DOG, 115 

JACKSON TECHNIC 
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T-TIME INTERVAL 2 HOURS 


Fig. 6. 2-26-4S. Dog, 12.9 kg., pentobarbital anesthesia, Jackson plethysmograph. 
From above downward; bronchial tonus, arterial pressure, time in five second intervals. 
The protective effect of Pyribenzamine, 3 mg., against bronchial constriction and hypo- 
tension due to histamine, SO micrograms, was evident, even after four hours. Blood pres- 
sure responses were approaching normal at this time but the bronchial smooth muscle was 
still completely protected against histamine constriction. Mean blood pressure was also 
belatedly elevated following Pyribenzamine, even in the presence of several doses of 
dihydrobetaerythroidin HCl, 5 mg., and histamine. Between A and B time interval of 
approximately two hours elapsed during which six doses of histamine, SO micrograms, and 
two doses of dihydrobetaerythroidin, 5 mg., were e.vercised. 
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7 . 4-23-45. JDog, 14.3 kg., sensitized to horse serum, 1.5 cc. intramuscularly on 
4-5-45. Pentobarbital anesthesia, Jackson plethysmograph. From above downward: 
bronchial tonus, arterial pressure, time in minutes. Horse serum, 1 cc. injected intra- 
venously produced acute, marked hypotension which returned almost to normal in approxi- 
mately 25 minutes. No bronchial constriction attended this anaphylactic reaction, but 
histamine phosphate, 50 micrograms, produced intense constriction of the bronchioles and 
simultaneous acute and severe hypotension. 

known, the liver seems to be the organ chiefly affected in anaphylaxis (10). 
If histamine were released in abundance in the anaphylactic state, it could be 
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anticipated that a sufficient amount of this imidazole might slip by the “hepatic 
hurdle” to effect at least a slight but appreciable contraction of the bronchial 
musculature so as to be registered kymographically; but such was not the case, 
despite the fact that' very significant contractions had been normally obtained 
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Fig. 8. 5-4-45. Dog, lO.t kg., Bcnsitizcd to hor.sc serum, 5 cc., intravenously and 5 cc. 
intramuscularly on 4-1345. Pentobarbital anesthesia. Jackson plethysmograph. From 
above downward: bronchial tonus, arterial pressure, time in five second intenmls. The 
bronchial constriction produced by histamine phosphate, 50 micrograms, was inhibited by 
Pyribenzamine, 1.0 mg., which simultaneously had some inhibitory effects on the acute 
hypotension produced by histanune and no prophylactic action against horse scrum- 
induced l.i rhy.r;'-'..';r-:c sodium cnlonde solution was necessary to restore 

arterial :is ■■.vn':-', intracardialiy, was without benefit against acute hj-po- 

tension .M,'.'! • iyi. '.5i ::.'crograms, and physostigmine, 50 micrograms, whereas, 

atropine sulphate, O.ZiM nig. and epinephrine, 0,010 mg. returned arterial pressure toward 
normal. Bronchial tonus, increased to maximum by Mecholyl and physostigmine, was 
only partially relieved by Pj'ribenzamine but returned to normal with atropine and epi- 
n^hrine. Between A and B a time intetv'al of approximately three hours elapsed during 
which 5 doses of histamine, 50 micrograms, anti dihydrobetaerythroidin, 3 mg., were 
exercised. 


from histamine administered in only 10 miorogram dosage (fig. 5). These facts 
suggest that the amount of histamine released in the anaphj-lactic state is either: 
(a) insufficient or (b) does not arrive in adequate concentration to produce bron- 
chial constriction; a third pos.sibility is that (c) other elements are responsible also 
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for anaphylaxis in the dog. There may be other hypotensive components 
present which have no appreciable bronchiospastic effects. 

Protection against the acute hypotension of anaphylaxis (1-d) by the anti- 
histaminic substance, Pyribenzamine, %vas appreciable and this lends support to 
the conclusion (11) that histamine is responsible for many of the signs and sjrmp- 
toms attending anaphyla.xis. In other words, as has been suggested (4 and 5), 
therapeutic agents of this type become pharmacologic and diagnostic tools in the 
sense that they can detect the presence of released histamine in the allergic state 
by amelioration or prevention of S3nnptoms. 

In a previous communication (1-e) it was demonstrated that Pyribenzamine 
differs from atropine in its capacity to suppress histamine-induced salivation. 
Evidence of such differences in our present experiments seems to have been 
afforded by the fact that bronchial constriction and acute hypotension, as pro- 
duced by acetylcholine, or by Mecholyl with phj’^sostigmine, were not suppressed 
or corrected by Pyribenzamine but by atropine. Hence, P 3 Tibenzamine seemed 
again to be predominantly quite specifically antihistaminic rather than anti- 
cholinergic. 

The fact that Pyribenzamine was an effective antihistaminic agent in the severe 
test objects studied warrants clinical usage of this and similar agents in various 
clinical conditions, notably allergies, in which histamine may play a major role 
in the drama of varied s 3 Tnptomatology. 

The mode of action of Pyribenzamine is still problematic but insulation of the 
histamine-receptive substance peripherally against this imidazole seems highly 
probable (1-e, 12) through the proposed mechanism of competiti%'e inhibition. 

SUMMARY AND CONCLUSIONS 

1 . Perfused lungs of normal guinea pigs could be significantlj’- protected against 
histamine constriction of their bronchioles by Pj'ribenzamine (N,N-dimeth}d- 
N'-benzyl-N'-(a-pyridyl)-ethylene diamine hj’-drochloride). Such activit 3 ' is 
comparable to that afforded by Antergan (N'-phenyl-N'-benzyl-N-dimeth 3 d- 
ethylene diamine HCl). Better protection of perfused lungs ivas gained ivhen 
Pyribenzamine was constantly perfused throughout the course of the experiment. 

2. Although sensitized guinea pigs could be protected by Pyribenzamine in 
vivo against the anaphylactogen, horse serum, the perfused lungs of such pigs 
were only slightly, or not at all, afforded such protection against horse serum by 
Pyribenzamine in vitro. 

3. Tlie bronchial musculature of the sensitized dog, as studied b 3 '’ the Jackson 
technic, was not contracted b 3 ’’ the anaphylactogen, horse serum, even though 
marked anaph 3 daxis was evident from the accompanying acute hypotension. 

4. The bronchial musculature of the sensitized and normal dog was frequently 
constricted to a marked degree by histamine, and the well-known, marked acute 
hypotension effected by' this drug invariably accompanied such bronchial con- 
striction. The antihistaminic agent, Pyribenzamine, effectively combatted the 
hyTiotensive and bronchiolar constricting effects of histamine and offered signifi- 
cant protection against anaphylactic hyqiotension. 
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5. The value of such an antihistaminic and antianaphylactic agent in certain 
clinical situations, particularly allergic states, is evident. 
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It has been well established that the skin is permeable to mercury. SufiBcient 
quantities of the element may enter the body by this route to cause not only a 
measurable excretion in the urine, but in some cases even symptoms of mercurial- 
ism, The degree to which mercury penetrates the skin, as reflected by urinary 
excretion of the metal, has been used by a number of investigators (1-7) to study 
the therapeutic efflciency of mercury compounds, ointment preparations and 
inunction procedures. Our preliminary experiments, however, indicated that 
urinary excretion, as a measure of cutaneous penetration of mercury, was not 
only insufficiently sensitive to discriminate between various types of mercury 
preparations, but was also time-consuming and subject to inherent contamination 
errors more difficult to overcome in animal than in human exposures. The 
follo^ving method which proved effective as an assay procedure in our hahds was, 
therefore, developed. 

Principle. This method substitutes the principle of storage of mercury for 
excretion of mercury, as a means of measuring how much has penetrated the skin. 
Of all organs of the body, the kidney has the greatest capacity for storing mer- 
cury. This observation is not a new one, and has been reported a number of 
times (8, 9, 10). Even when minute amounts enter the organism, amounts so 
small as to escape detection in the urine, storage of mercury in the kidney occurs 
in quantities sufficiently large for routine microanalytical determination. At 
any time folloving exposure to mercuiy, the amoimt in the kidney may be as- 
sumed to be a balance between three dynamic factors. 1) The rate of entrance 
of mercury, 2) The rate of excretion of mercury, and 3) The rate of storage of 
mercury. If the rate of excretion is slow, and the rate of storage rapid, then it 
becomes possible to use the mercury content of the kidney as a measure of the 
amount which has penetrated the skin. Obviously this measure is only a rela- 
tive one, but is chiefly useful in comparing the penetrating abilities of different 
types of mercury ointments. 

Procedure. Rabbits and rats were used for the assay. A clipped area on the back was 
inuncted for 2 ntinutes trith a mercury ointment, covered with rubber sheeting or celluloid, 
and contact of the ointment with the skin maintained for 24 hours. At the end of this time 
the animals were killed with ether, exsan^inated, and liver and kidney removed for an- 


‘ A portion of the funds used in this investigation was supplied by a transfer, recom- 
mended by the Committee on Medical Research, between the Office of Scientific Research 
and Development and the Division of Pharmacology of the Food and Drug Administration. 
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alyma of mercury (11). All results were expressed in micrograms per gram of wet tissue. 
The average concentration of mercury in the kidney was approximately ten times greater 
than in the liver; in general the degree of discrimination obtainable with the liver values was 
much lower. Nevertheless, analysis of the livers for mercury was always carried out, since 
it served as a convenient independent check of the method. For example, failure of cor- 
relation between kidney and liver mercury levels tended to discount the value of an assay . 
In such a situation it was customary to verify the results either by repetition of the entire 
assay or by addition of more acceptable analyses. Owing to the natural variability in a 
group of animals, it was usually necessary to use from 6 to 8 animals on each treatment in 
order to be able to recognize significant differences between inunction procedures or oint- 
ments. The inunction area in the rat was 29 (cm.)* (IJ by 3 inches) and in the rabbit 155 
(cm.)* (4 by 6 inches). Taking the average weight of the rat used in these experiments as 
250 grams, and that of the rabbit as 2500 grams, each of the areas on the respective species 
was calculated as 8 per cent of the total body surf ace. Tota l body surface in square meters 
was calculated by Meeh’s formula (12) : S = K ■'J' (Weight)*, where K for the rat was taken 
as 0.091, and for the rabbit (without ears) as 0.108. The sizes of the respective areas were 
kept constant and were not adjusted to allow for variations in the body weights of the 
ammals. The compound of mercury used in the preparation of the ointments for this study 
was calomel. It was suspended in 30 per cent concentration in a number of different vehic- 
les, the composition of which will not be stressed at this time, since this is to be discussed in 
the following paper. A constant amount of 30 per cent calomel ointment was always ap- 
plied ; 0.4 gram for the rat, 4.0 grams for the rabbit. A considerable excess of the ointment 
always remained on the skin after inunction. 

Stringent precautions are necessary in studies of cutaneous exposure to limit the en- 
trance of mercury into the body to the akin route. Oral contact with the inuncted skin area 
obviously invalidates any conclusions that can be drawn from the analyses. Since the 
effective handling of animals to prevent oral contsunination is difficult, a brief description 
of the techniques used in this study will be given. 

Because of the greater availability, a larger number of rats than rabbits was used. It 
was, however, not feasible to keep the rats in individual stocks, and, therefore, a technique 
for wrapping the animals was developed which proved rapid and effective. The animals 
were lightly etherized and the hair removed around the trunk between shoulders and hips. 
Clipping with an electric clipper did not remove the hair completely, but left a fine stubble 
approximately 0.5 mm. long. This was to be preferred to other methods of depila- 
tion which, while more complete, might cause minor skin lesions. The area to be inuncted 
extended saddle fashion from the back around to each flank, and, in order to prevent spread 
of the ointment, was delimited with strips of celluloid cemented to the sldn. After inunc- 
tion, and without removal of the excess ointment still remaining on the skin, the animal 
was wrapped in a piece of celluloid sheeting formed into a cylinder fitted snugly around the 
trunk. The edges of the cylinder were cemented to the skin at the shoulders and hips so as 
to prevent slipping of the shield or possible seepage of the ointment. As additional pro- 
tection, the shield was covered with a layer of adhesive tape extending well beyond its 
edges. Thus “trussed”, the animals were placed in indiridual cages with access to food 
and water. Experience with several hundred rats so prepared has shown that the celluloid 
shield proved to be sufficiently rigid to prevent the animal from getting in oral contact with 
any part of its trunk, yet did not interfere with walking. Although the animals occasion- 
ally struggled, the celluloid skin seals were effective in confining the ointment beneath the 
shield. 

In the case of the rabbits, oral contact with the body was completely prevented by im- 
mobilizing the animals in a special head -hip stock which has been described elsewhere (13). 
The animals were kept in the holder during the inunction with the ointment, and for the 
24-hour contact period which followed. Rubberized cloth, wrapped about the trunk and 
secured with tape, was used as skin covering. The animals were not anesthetized for the 
inunction and wrapping procedures. 
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Results. Table 1 shows the concentration of mercury in the tissues following 
cutaneous exposure to a calomel ointment. It can be seen that by far the great- 
est is in the kidneys; in fact, mercury concentration in the other tissues is of an 
entirely different order of magnitude. It is to be observed that in the control 
animals, traces of mercury may be found, particularly in the kidney. Since, 
however, this concentration is so low (of the order of 1 per cent of the kidney 
values of the inuncted animals) its importance as an inherent assay error may be 
disregarded. Following extension of the exposure period to 48 hours, there is a 

TABLE 1 

Distribution of mercury in the tissues of the rat following cutaneous application of a SO per cent 

calomel ointment 


(Micrograms mercury per gram wet tissue) 











STOUACS 

AKD 

CONTENTS 







Lt'NO 

HEACT 

TESTES 

BSAIN 

SPIXES 

TESTINE 

ANP 

CONTENTS 

BONE 


Control 


0.28 

0.35 

0.28 



0.11 

0 

0.09 

0.14 

0.10 

0.11 

■ 

■ 

0 

0.10 

0 

0 

0 

■ 

■ 

1 

24-hour e.\posure 

22.3 

1.02 

0.60 

0.34 


0.50 


0 

2.03 

0.12 

0.46 

IQ 

21.8 

0.60 

0.58 

0.10 


0.72 


0.10 

0.86 

0.17 

0.38 1 


25.0 

0.79 

0.35 

0.18 

1.07 

1.17 

0.10 

0.16 

3.00 

0.35 

0.38 


36.0 

0.78 

0.56 

0.14 

1.61 


0.05 


1.37 

0.19 

0.44 


31.4 

0.98 ! 

1.02 


0.91 

0.69 

0.14 

0.24 i 

2.03 

0.22 

0.60 1 

0.13 

26.6 

0.88 



1.82 

0.60 

1 

0.11 

0.14 

2.45 

0.21 

0.57 

0.20 

48-hour exposure 

32.3 

1.49 

0.83 

0.07 

1.86 

IBI 


0.16 

2.85 

0.19 

0.53 

0.30 

40.5 

1.95 

1.35 

0.26 

2.18 

mm 

Bo 

0.21 

2.10 

! 0.25 

1.04 


44.3 

1.12 

1.24 

0.08 

1.53 

Bo 

O.Il 

0.22 

0.96 

1 

0.48 

Esi 

34.6 

0.75 

0.87 

0.08 

1.14 

0.58 

0.08 

0.30 

0.84 

I 0.35 

0.38 

lip I 

39.4 1 

1.11 

0.89 

0.05 

1.48 

0.81 


0.29 

1.48 

0.11 

0.36 

0.35 

40.5 

1.27 

0.75 

0.07 

1.95 

1.11 

0.25 

0.26 

1.41 

0.20 

0.69 

0.13 


significant rise in kidney mercury which, however, does not obtain for any of the 
other tissues e.xcept perhaps liver and blood. 

In addition to the data shorving the concentration of mercury in the tissues, 
some experiments were conducted in which the percentage distribution of the 
total amount of mercur>' which had entered via the skin was determined in kid- 
ney, liver, blood, carcass and excreta. In order to ascertain this total amount, 
the entire body minus the section of skin which had been the portal of enti^j^ for 
mercury was analyzed. In discarding this skin containing gross amounts of 
mercury remaining after inunction, it was assumed that all of this mercury was 
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still ■within the outer sldii structures and, therefore, “outside” the body. This 
assumption may be in sli^t error because it does not take into account the 
quantity of mercury -within the blood and lymph channels of the skin section, 
■which amounts, properly speaking, are “within” the body. However, analyses 
of non-inuncted skin sections from other portions of the body indicate that this 
loss is very small. Two calomel ointments differing in facility of penetration 

TABLE 2 


The percentage distribution in tissues and excreta of the total amount of mercury entering the 
body of the rat via the shin 


ZXPOSim 

SAT KO. 

TOTAt AMOCKT 

PES CENT 07 ■nTT. TOTAI. AMOUNT 07 MT.tCUSY 

07 ICCSCCSY* 

C&rcAss 1 Kidneys | Liver | Blood | Excreta. 




Ointment A 


kovrs 

24 

399 

400 

1 401 

mUrotrons 

41 

38 

44 

49 

50 

50 

21 

26 

32 

D 

■ 

1 

Averages. .. 

50 

26 

9.7 


13.5 

1 

■■ 

■H 

31 

37 

7.1 

nnm 

25 

48 



28 

44 

5.9 


22 


■1 

j 124 

35 

36 

6.5 


23 

Averages. . .... 

31 

39 

6.4 


23 


Ointment B 



437 

145 

44 

33 

6.9 

3.1 

12 

24 

438 

121 

40 

34 

5.4 

4.9 

17 


439 

68 

46 

22 

5.6 

2.5 

25 

Averages . . 

43 

30 

6.0 

3.5 

18 


440 

105 

33 

35 

5.9 

2.4 

23 

48 

441 

265 

38 

34 

3.5 

2.3 

23 


442 

169 

28 

51 

4.3 

1.8 

15 

Averages 

33 

40 

4.6 

2.2 

20 


• Consisting of the sum of carcass, kidneys, liver, blood, and excreta. 


were used, and the exposures made for 24 and 48 hours. The results are sho-wn 
in table 2. It is erident from the column headed "Total Amount” that oint- 
ment B supported hi^er penetration of mercury. The per cent distribution of 
mercury in the tissues, however, is essentially the same for both ointments. On 
the other hand, -when the exposure period is extended 24 hours beyond the usual, 
a wcll-defuied change in distribution occurs. The trend to lower values can be 
seen in carcass, liver and blood, the loss of mercury in these tissues being roughly 
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«qual]ed by the gain in kidney and excreta. This would indicate that the store 
of mercury in the kidney is not being rapidly dissipated, but rather continues 
to build up in spite of some increase in excretion. Finally, it should be em- 
phasized that the per cent of the total in the kidneys is nearly twice that in the 
excreta. Aside from this obwous advantage, the technical reasons for using 
kidney tissue instead of excreta are even greater than are apparent from the data. 
It should be remembered that the average pair of rat kidneys weigh only 2 grains 
and are easily removed without danger of contamination, while a 24-hour sample 
of excreta weighs about 50 times as much and may be very subject to contamina- 
ation errors. 

VoLATiLiTV. Although there was reasonable assurance that the type of 
shield described effectively prevented oral contamination, it was not certaiij to 
what extent mercury volatilizing from the ointment in contact vith the skin would 
be inhaled by the experimental animal during the 24-hour exposure period. Tests 
had shown that the celluloid itself was impervious to mercury, but it was not 
expected that the celluloid-to-skin seals would be entirely gas-tight. Therefore, 
it was conceivable that mercurj-’-vapors arising under the shield could be inhaled. 
To test volatility under the conditions of the cutaneous exposure, the rat was 
prepared as usual but, instead of applying the omtment to the skin, it was applied 
to the outer surface of a celluloid shield fastened to the skin. This was then 
covered in the usual manner mth the complete shield as described above. For 
comparison, control animals were \vrapped in shields, but without mercury, and 
in addition a third group of animals was exposed to mercury ointment on the 
skin. Two different mercury ointments were used, calomel and metallic (Blue 
ointment), each containing 25 per cent mercury. The latter was chosen because 
of indications that this preparation would give the highest mercury vapor tension. 
The results are shown in table 3. It can be seen that the tissues from the shield- 
inuncted animals contain significantly greater amounts of mercuiy than the con- 
trols, and this is true without exception in the kidneys. The interpretation of 
these results is, therefore, that some mercuiy is volatilized from the site of inunc- 
tion and presumably inhaled, although differences betrveen the volatility of the 
two mercurj'- ointments is not revealed by these tests. Referring to the mercury 
stored in the kidneys following cutaneous inunction, it can be calculated that 
of this amount, slightly less than 4 per cent has come from inhalation. If we 
obsen^e, however, that there is considerable variability between animals in mer- 
curj’' storage, it may be concluded that the volatility error is of minorimportance. 

Certain factors may be e.xpected to influence not only the amount of mercury 
w'hich penetrates the skin, but also the amount which is taken up by the kidney 
Some of the factors to be considered, such as, for e.\-ample, sex, litter mate and 
species, may directly influence mercuiy storage in the kidney since they fre- 
quently reflect organic differences. In any event it is desirable, particularly in 
a biological assay, to recognize the effects of as many variants as possible. With 
this knowledge, conditions can then be set which -will produce the greatest con- 
stancj' of result. 

Effect of covering and site of inunction area. According to Rothman (14) 
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covering the skin results in interference with the normal escape of moisture. 
Moisture thus accumulated may produce softening and maceration of the stratum 
comeum, a condition which is favorable to the retention of substances in close 
contact with the skin, and possibly also to penetration of the skin. While the 
factor of covering the skin can hardly be considered as a variable in these experi- 
ments, ance the skin was usually covered in order to avoid contamination, it 
seemed desirable to test the effect of leaving the inuncted skin uncovered during 
the 24-hour exposure period. The experiments here reported were done on rab- 
bits, siirce the maintenance of these animals in a restraining holder did not make 
an occlusive shield obligatory, as in the case of the rats. 

As stated in the procedure, all inunctions were made on skin of the back and 

TABLE 3 


Tht volatility of mercury ointments under the condition of cutaneous exposure as measured by 
the mercury content of liver and kidney of the rat 
(Micrograms per gram of vet tissue! 


SKIN INUNCTION 

SHIELD INUNCnOM 

CONTROL 

Kidney j i.iv„ j 

Kidney | Liver 

Kidney | Liver 


Calomel 


14.2 

14.0 

20.0 
13.1 

0.42 

0.64 

1.07 

1.16 

0.63 

0.44 

0.87 

0.57 

0.05 

0.04 

0.19 

0.17 


0 

0.01 

0.02 

0 

Avg 15.3 

0.82 

0.63 

0.11 

0.07 

0.01 


Metallic mercury 


20.1 

10.1 

9.8 

7.7 

0.58 

0.65 

0.64 

0.43 

■ 

0.02 

0.15 

0.10 

0.02 

0.10 

0.11 

0.37 

0.08 

0 

0.04 

0.02 

0 

Avg 11.9 

0.58 

0.63 

0.07 

0.16 

0.02 


flnnfe. It appeared, however, that the belly skin of the rabbit was thinner and 
possibly less resistant to penetration. Exposure to back and belly skin was, 
erefore, compared in the same series of rabbits in which the effect of covering 
n as examined. The results are shown in table 4. Six different ointments were 
V,’ rabbits for each treatment. The results are expressed as averages 

0 the mercury concentrations in the kidneys of the two animals exposed to each 
reatment. It is clear that covering the inuncted skin area produced a marked 
increase in the amount of cutaneous penetration of mercury, which varies some- 
at nith the type of ointment. On the other hand, changing the site of inunc- 
lon from back to belly produces no significant difference in penetration of mer- 
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Effect of species difference and size of inunction area. As noted above, the size 
of the inunction area was fixed as a constant for both rats and rabbits. Since it 
was noted, however, that some of the ointment occasionally found its way across 
the boundaries of the inunction area, it became necessary to investigate"^ to what 
extent such variation in effective penetrating area might be responsible for oc- 
casional large and unexplained variation in mercury storage in the kidney. This 
study was conducted simultaneously on groups of rats and rabbits, and the effect 
of halving the standard inunction areas was observed on the storage of mercury 
in kidneys and livers of each species. Two ointments of widely different penetrat- 
ing abilities were used. The average values for 6 animals on each treatment are 
given in table 5. Comparing first the effect of difference in species, it can be 
seen that within the sensitivity of this assay procedure, no difference between the 
rat and rabbit can be demonstrated when approximately equal percentages of 
the total skin area are exposed. When the area of exposure was halved, the re- 

TABLE 4 

The effect of covering the inuncied skin area and changing the site of inunction on the cutaneous 
penetration of mercury tn the rabbit 
Storage of mercury in the kidney is used as a measure of penetration 
(Micrograms mercury per gram wet kidney tissue) 


CAlOiai. OINTUEKT 

UKCOVEXeO* SEXK OF SACC | 

COVX&ES* scnf OF FACS 


1 i 

7 

26 

35 

2 

13 

45 

38 

3 

8 

17 

27 

4 

9 

20 

18 

5 

4 

6 

7 

6 

5 

22 

26 

Avg. 

8 

23 

25 


* Average of tn o animals on each treatment. 


spective storage response of the kidneys was not halved, but reduced by appro.x- 
imately one-third. This would indicate that some latitude in area variation 
can be tolerated before measurable effects on absorption are detectable by this 
method. 

Effect of removal of excess ointment. In these studies it has been the practice 
not to remove the excess ointment after inunction, but to allow it to remain in 
contact with the skin for 24 hours. Clinically, the use of the “clean” inunction, 
i.e. removal of excess with benzene has found some favor, but Cole and coworkers 
(15) report that the penetration of mercury is somewhat less. In our experi- 
ments, removal of excess ointment was effected by simply wiping the skin clean 
with paper tissue. The difference between “clean” and “ordinary” inunction 
was quite marked. Thus, in six rats in which the ointment was removed im- 
mediately after inunction, the storage of mercuiy in the kidneys averaged 17 
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micrograms per gram, while ia a corresponding group in which the ointment 
remained on the skin for 24 hours, storage averaged 27 micrograms per gram. 
The significantly lower penetration of mercury following removal of excess oint- 
ment is not unexpected, and in keeping with the idea that penetration of mercury 
from a depot in and on the skin depends in part on the size of that depot. 

Effect of washing the shin before apfflica.lion of ointment. Ordinarily the open- 
ings of the skin, such as the hair shafts and sebaceous ducts, which are regarded 
as the avenues of entrance for mercury, may be partially occluded by the presence 
therein of cell detritus and oily secretions. Cleansing of the skin with soap and 


TABLE 5 


The effect of size of inunction area and animal species on the cutaneous penetration of mercury 
as measured by its concentration in liver and kidney 


OINTHEKT 

BODV 

unmcTtoN 

MEROniV COKCENTEATIOK 

Weight 

Surface 

Area 

Ratio— abea/ 
BODY STOTACE 

1 Liver 

1 Kidney 

Rabbit* 

c 

■1 

HH 

(cm.)* 

155 

77.5 ! 


mieroffoms ptr 
irom tiet weight 

0.31 

0.24 

micrograms per 
gramvetueight 

4.5 

2.3 

Rat* 

C 

1 209 

320 

29 

■n 

HQH 

5.3 


1 205 

316 

14.5 



3.6 


Rabbit* 


D 

2482 

2607 

1980 

1 2046 

HI 

1 0.0783 ] 

1 0.0379 

■ 

■ 

25 

18 




Rat* 




D 1 

209 1 


29 


1.09 1 

1 

1 29 


212 


14.5 

■Bl 

0.78 

1 23 


* The results are averages of C animals on each treatment. 


water would be expected to remove some of this “plugging” material, without the 
more rigorous effects which follow the application of lipoid solvents such as alco- 
hol or ether. However, a comparative study of washed and imwashed skins in 
two groups of rats showed definitely that treatment of the sldn with soap and 
water prior to inunction had no effect on cutaneous penetration of mercurj' as 
measured by storage of the metal in the kidney, even though the cleaning opera- 
tion was seen to remove a visible yellowish scale of dander-like material. 

Eff cct of weight, sex, and litter. The studies were generally conducted on groups 
of animals homogeneous with respect to age, weight and sex, but heterogeneous 
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with respect to litter. As examples of 3 possible variants, litter, sex and weight 
were studied. It may be presumed that these variants could operate to produce 
differences between skins, as characterized by such factors as texture, thickness, 
subcutaneous fat, number of hair follicles, etc., or differences between organs 
such as the ability pf the kidney to excrete or store mercury. The 24 animals 
used in this study originated from 6 different litters and were 85 days of age. 
The results are given in table 6. An analysis of variance shows that the cuta- 
neous penetration of mercury as judged by the level in the kidne3^ is not signifi- 
cantly affected by weight, sex or litter. 

TABLE 6 


The effect of weight, sex and litter on the cutaneous penetration of mercury and its storage in 

the kidney of the rat 


UAIXS 

7EUA1XS 

Body weight 

Litter no 

Micrograms 
mcrcuo* per gram 
wet kidney 

Body weight 

Litter no. 

Micrograms 
mercury per gram 
wet kidney 

grams 



gram 



185 

5 

13 

145 

5 

5.0 

210 

6 

5.6 

150 

5 

18 

230 

4 

9.9 

165 

4 

6.9 

235 

4 

11 

170 

.2 

8,0 

240 

6 

6.6 

175 

2 

5.2 

245 

6 

12 

180 

4 

5.0 

250 

2 

8.7 

195 

6 

2.0 

265 

2 

6.5 

195 

6 

2.8 

285 

1 

3.2 

200 

3 

23 

290 

1 

11 

210 

1 

6.8 


3 

10 

210 

1 

7.0 

wmM 

3 

8.4 

255 

3 

12 

Avg.. 

8.8 



8.4 


STOIMABT 

1. A method for determining cutaneous penetration of mercury is described 
which depends on the measurement of the quantity of mercury which is stored 
in the kidney during 24 hours of exposure. 

2. Using the storage of mercury in the kidney as a measure of how much has 
passed through the skin, a number of factors have been examined for their in- 
fluence on the cutaneous penetration of mercury. 

(a) Covering the inunction site increases penetration nearly four-fold. 

(b) The location of the inunction site appears to have no effect on penetration. 

(c) Penetration of mercury through approximately equal percentage areas 
of total body surface is the same for the rat and the rabbit. 

(d) Removal of excess ointment from the skin (clean inimction) reduces the 
amount of penetration. 
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(e) Washing the skin with soap and water before inunction has little or no 
effect on penetration. 

(£) Halving the exposure area reduces penetration by approximately one- 
third. 

(g) Sex and litter of the assay animals were found to have little or no measur- 
able influence on penetration. 

3. Due to the volatility of mercury compounds, a small but detectable amoimt 
of mercury is inhaled under the conditions of cutaneous exposure. 
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In connection with the development of methods for cutaneous prophylaxis 
against venereal disease, it was necessaiy to examine a large number of merouiy 
ointments, chiefly those containing calomel. The criterion of efficiency was the 
ease with which cutaneously applied mercury penetrated the skin. The following 
studies are an attempt to evaluate some of the factors which influence penetration 
of mercury. 

Method. The storage of mercury in the kidney of the rat and the rabbit was used as a 
means of assaying the amount which had penetrated the skin. This procedure has been 
fully described in the preceding paper (1). Mercury determinations of tissues were carried 
out by a method developed in our laboratories (2). 

The ointments presented for evaluation contained 30 per cent calomel which was sus- 
pended in vehicles representative of three generally recognized classes, namely, fat, water- 
in-oil, and oil-in-water. It soon became apparent, however, after a number of assays had 
been made, that, while it was easily possible to demonstrate marked differences in pene- 
tration of mercury from different types of vehicles, it was not easy to e.xplain these differ- 
ences. This was so because the ordinary multicomponent ointment presented such a 
formidable array of possible variables affecting penetration of mercury, that the task of 
unravelling these would become hopeless. In an attempt to simplify the problem, two meth- 
ods of approach were used, (a) Construction of single or double component vehicles. 
By this means it was possible to determine not only the influence of the vehicle, but that 
of the compound of mercury on the penetration of mercury through the skin under con- 
ditions subject to the least number of variables, (b) The varying of one important con- 
stituent or its properties in a complete ointment. The following were studied : (1) State 
of physical subdivision of calomel; (2) Concentration of mercury; (3) The addition of 
wetting agents; (4) The addition of sulfathiazole. 

RESUiiTS. Some of the common constituents ordinarily combined in multi- 
component vehicles were examined separately to determine their effect on the 
penetration of mercury. In table 1 are showa. the results of the inunction of 
calomel suspended in 30 per cent concentration in these “single component” 
vehicles. Two separate assays were made on a group of male and female rats 
with a time interval of approximately one month intervening. It is apparent 
from the results that the two series show close agreement. Referring to the 
average kidney values for the storage of mercury in both series, it can be seen 

• A portion of the funds used in this investigation was supplied by a transfer, recom- 
mended by the Committee on Medical Research, between the Office of Scientific Research 
and Development and the Division of Pharmacology of the Food and Drug Administration. 
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that the smallest skm penetration occurs from a suspensiou of calomel in water, 
the largest from a suspension of calomel in oleic acid; Petrolatum, mineral oil, 
anhydrous lanolin and hydrous lanolin all support the same penetration and do 
not differ significantly among themselves in kidney level of mercury. The water 
suspension of calomel, while showing a tendency toward lower penetration than, 
for example, petrolatum, does not actually differ significantly in kidney level 

TABLE 1 

The culaneous penetration of mercury when applied as a SO per cent suspension of calomel in a 
number of "single substance’’ vehicles 

The measure of penetration is the storage of mercury in the kidneys of individual 

rats 

(Micrograms mercury per gram wet kidney) 


CONTROL 

WATER 

PETBOLA- 

TU« 

UINEKAL 

OIL 

ANHV- 
: DROOS 

1 LANOUM 

1 

HYDROUS 

LANOUN 

CORN OIL 

1 LARD 

1 

1 

PROPY- 

ISSZ 

GLYCOL 

i 

OLEIC 

ACID 

Series A, females 


3.5 

1 

1 



13 


20 

34 


5.7 

7.6 

1 

7.9 

5.5 

18 

13 

19 

. 30 


3.9 

5.1 

4.6 

7.4 

8.0 

16 

14 

19 

24 


3.7 

— 

6.6 

4.7 ’ 

4.8 

11 

7.9 

18 

23 


3.7 

8.8 

6.6 

3.3 

5.0 

13 

7.0 ! 

17 

24 

0 

6.1 

2.7 

4.7 

6.7 

6.4 

8.1 

11 

18 

1 

21 

Avg.. . 0.07 

4.4 

6.0 

5.6 

6.0 

5.9 

13 

11 

1 

19 

26 


Series B males 


0.1b 

0.11 

0.37 

0.08 

2.1 

7.6 

5.6 
5.1 
1.4 
2.8 

8.8 

3.7 
8.2 

2.8 
3.5 
6.4 

7.9 

6.7 

7.7 

3.6 

2.7 
2.6 

4.8 
7.7 

5.9 
5.2 

3.1 

7.1 

1 

12 

11 

11 

6.0 

16 

15 

8.2 

12 

12 

9.0 

4.8 

15 

13 

18 

17 

21 

9.1 


Avg 0.17 

1 

4.1 

5.6 

5.2 

1 

5.6 1 

■ 

11 

10 

16 


Grand 
avg... 0.12 

4.3 

5.8 

fl 

5.8 

■ 

12 1 

10 

17 



(p >0.05). At the higher penetrations the differences between the kidney levels 
following oleic acid and propylene glycol are highly significant, (p = 0.001), 
und similarly between propylene glycol and lard. Lard and com oil, the inter- 
mediate penetration, while not differing significantly between themselves, show 
kidnej' values that arc significantly higher than, for example, petrolatum (p = 
0.001). One of the most striking points brought out by this experiment is that 
petrolatum, mineral oil and lanolin, which have found such extensive use as con- 
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stituents for ointment bases, support a penetration of mercury which is not mark- 
edly greater than if the calomel is applied merely as a simple paste with water. 

TVom the “single component” vehicles, 4 two-component vehicles were pre- 
pared as follows: Lard 4- anhydrous lanolin, propylene glycol + petrolatum, 
mineral oil anhydrous lanolin, com oil -f- petrolatum. The results are com- 
puted as averages in table 2, with the values for the separate components added 
from table 1 in order to facilitate comparison. It would appear that when a 
substance which gives good penetration of mercury is mixed with one which gives 
poor penetration, the properties of the combination resemble the former rather 
than the latter, as shown with vehicles A, C and D. On the other hand, vehicle 

TABLE 2 


The cutaneous penetration of mercury when applied as a SO per cent suspension of 
calomel in "double’’ component vehicles 

The measure of penetration is the storage of mercury in the kidneys of the rat 


“DOtTBLE” COilPONEKT VEHtCtE 

KIDNEY* 

1 

“SmCLE” COICPONENT V'EHICLE 

KIDNEY 



microgramt mercury 
Per gram itet wcigkt 

1 

1 

mictogram mercury 
per gram vet veigkt 

A 

S0% Lard 

S0% Anhydrous lanolin 

11 

Lard 1 

i 

10 

B 

50% Mineral oil 

60% Anhydrous lanolin 

1 

5.9 

1 

Anhydrous lanolin 

Mineral oil { 

6.8 

5.4 

C 

50% Corn oii 

50% Petrolatum 

10 ' 

1 

1 

1 

Corn oil 

1 

1 

12 

D 

50% Propylene glycol 

50% Petrolatum 

14 

Petrolatum j 

5.8 




Propylene glycol j 

17 


* Averages of 6 animals. 


B gives penetration of mercury which is indistinguishable from that of either 
component. 

Four different mercurials, ammoniated mercury, metallic mercury, yellow 
o.xide of mercury and calomel were suspended respectively in each of two double 
component bases consisting of equal parts of lard and lanolin and equal parts of 
petrolattim and lanolin, the former mixture being the same as vehicle Ain table 2. 
These velucles were selected for study because they frequently form the main 
base for a number of commonly used ointments. The concentration of mercury 
was 25 per cent in all cases. In table 3 is shown the marked superiority of the 
lard-component vehicle over the petrolatum-component vehicle. The increase 
in penetration of mercury from calomel, metallic and yellow oxide is roughly two- 
fold, but in the case of ammoniated mercury the increase is nearly four-fold. 
With regard to the differences between compounds of mercury, inspection shows 
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that yellow oxide ^ves the highest and calomel the lowest penetration of mercuiy 
in both vehicles. This is supported by statistical analyses of the results, but with 
two exceptions: In vehicle A the difference between ammoniated mercury and 
yellow oxide is not significant, p >0.05, and in vehicle E the difference between 
calomel and ammoniated mercury is not significant, p >0.05. It is to be noted 
especially that while the difference between calomel and ammoniated mercury is 
not significant in vehicle E, it is highly significant in vehicle A, p <0.002. Pre- 
sumably this marked effect of the vehicle may be attributed to some interaction 
with the compound as has been suggested by Moncorps (3) who observed that 
the stability of this compovmd was somewhat uncertain. It is, therefore, not un- 

TABLE 3 

Companson between two types of vehicles consisting of lard and petrolatum with lanolin as 
common constituent on the pentration of four different mercurials 
The concentration of mercury in all ointments is 25 per cent. The measure of penetration 
is the storage of mercury in the kidneys of individual rats 
(Micrograms mercury per gram wet kidney) 


VEHICIX 

CAUIUEL 

iUOrOKlATCD 

VKiaOCTtV 

MXTALUC MESCUSY ] 

YELLOW OXIDE 
YEEUCTOY 

g 50% Petrolatum 

4.9 

8.1 

9.5 

15 

50% Lanolin 

2.8 

5.9 

9.8 

9.1 


3.7 

4.2 

8.8 

13 


S.8 

4.2 

6.6 

9.6 


5.7 

5.3 

8.6 

8.5 


2.5 

— 

4.4 

11 

Averages 


5.5 

7.9 

11 

^ 50% Lard 


21 

18 

16 

50% Lanolin 


18 

17 

22 



24 

12 

34 


8.7 

12 

12 

13 


9.1 

16 

12 

33 


7.5 

20 

15 

18 

Averaees ... 

8.8 

19 

14 

23 


likely that the reactivity of a compound with its vehicle may be one of the causes 
for differences between compounds. This is indicated in table 4 where mercuric 
oleate in oleic acid and calomel in oleic acid have been compared. It can be seen 
that there is no distinction between the two compounds, and it would appear 
therefore, that the vehicle rather than the compound may be the more important 
factor in determining cutaneous penetration. 

Effect of wetting agents. Because of the well known properties of wetting 
agents, it seemed an attmetive possibility that their addition to the ointment 
base might modify^ the percutaneous penetration of mercuiy. Three different 
tj-pes of vehicles, with and without 2 per cent Triton NE (an aryl alkyl polyether 



















56 


LATJG, VOS, KUKZB AND DJIBEHGEK 


alcohol) were studied. The calomel concentration of the finished ointment was 
30 per cent. The results are showm in table 5. Vehicle Ai, except for the addi- 
tion of antioxidant and slight amount of beeswax as stiffening agent, was the same 
as vehicle A shown in tables 2 and 3. This vehicle was selected because it repre- 
sented a pure animal fat base, presumably reactive mth the mercurial under 
certain conditions. Vehicle F was a pure mineral base, chosen because it is 
generally considered unreactive. Vehicle G was an oil-in-w’ater emulsion type, 
chosen because its properties might be expected to be most modified by the 
presence of the wetting agent. 

It is indicated that addition of Triton NE to vehicles Aj and G markedly 
increases skin permeability to mercury but has no effect on vehicle F. The effect 
in G may perhaps best be explained by the fact that this vehicle contains a large 

TABLE 4 

Comparison between the cutaneous penetration oj mercury jrom mercuric oleate and from 
calomel both suspended in oleic acid 

The concentration of mercury in the two ointments is 25 per cent. The measure of 
penetration is the storage of mercury in the kidneys of individual rats 
(Micrograms mercury per gram wet kidney) 


KEKCVSIC OIXATS IN Ot£IC ACIP 

CAIOUTL m Dixie ACIP 

29 

34 

53 

30 

25 

24 

31 

23 

32 

24 

33 

21 

22 

29 

25 

49 

24 

44 

40 

40 

Avg. 31 

1 

1 32 


proportion of water and water soluble substances whose relationship to the fatty 
constituents is altered by the presence of the wetting agent. 

Using vehicle Ai, a second series of determinations were made with the addition 
of three different wetting agents, namely, Triton NE, Aerosol OT (a sulfonated 
ester of di octyl succinate) , and Duponal C (sodium laurjd sulfate) . The results 
are shown in table 6. It can be seen that discrimination between W'etting agents 
is lacking and further that no significant difference between 2 per cent and 0.5 
per cent Triton NE is discernible. The latter observation may, however, merely 
indicate that the optimum concentration of the w'etting agent in the vehicle is 
0.5 per cent or less. 

Effect of sulfalMazole. Since it was proposed to include 15 per cent sulfathia- 
zole with the calomel ointments, it seemed desirable to investigate not only 
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TABLE 6 

Cutaneous penetration of mercury as affected by the addition of Triton NE to three different 

types of vehicles 

The measure of penetration is the storage of mercury in the kidneys of individual rats 


(Micrograms mercury per gram of wet kidney) 


OINTMENT Al 

OINTMENT T 

OINTMENT C 

Without welting 

agent 

With 2% wetting 

agent 

Without wetting 
agent 

With 2% wetting 
agent 



7.4 

7.6 


1 

1 

4.1 

17 

11 

17 


7.6 

7-6 

9.4 

9.3 

16 

6.0 

5.4 

5.5 

6.2 

6.1 

19 

4.7 

4.8 

7.2 

1 8.4 


10 

9.6 

9.8 

5.5 

13 

13 1 

12 

1.9 

7.6 

5.2 

15 

5.9 

13 


5.5 

12 

22 

10 

11 


4.3 

i 




13 

BB 

7.0 

6.7 

13 


Difference between groups 


significant p = 0.03 

not significant p >0.05 

significant p = 

0.02 

Composition of vehicle Ai 

Composition of vehicle F 

Composition of vehicle G 

Anhydrous lanolin 50% 

White petrolatum. 100% 

Propylene glycol . 

65.1% 

d-isoascorbic acid pal- 


Cetyl alcohol 

. 3.7% 

mitatc . 0.1% 


i Stearic acid 

.. 4.0% 

Lard. . 47.8% 


Glycerol monostear- 

Beeswax 2.1% 


ate 

17.0% 



KOH 

0.18% 



Borax 

0.02% 



Water 

10.0% 


TABLE G 

Cutaneous penetration of mercury as affected by the addition of different wetting agents to 

vehicle Ai 

The measure of penetration is the storage of mercury in the kidneys of individual rats 
(Micrograms mcrcur3- per gram wet kidney) 


0 5^ T»ITON KE 

2 0% TEITON NE 

1 2J0% AEEOSOI. OT 

2 0% DUPONOt C 

22 

9.1 

1 

19 

8.5 

12 

14 

12 

19 

20 

23 

23 

11 

17 

20 

9.5 

18 

Avp. IS 

18 

16 

14 
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whether change in the physical characteristics of the ointment would have any 
effect on the penetration of mercury but also whether the presence of the sulfur 
in sulfathiazole might induce the formation of mercury compounds having modi- 
fied penetrating properties. Seven pairs of different ointments, TOth and without 
15 per cent sulfathiazole, were studied. The vehicles of these ointments covered 
the entire range of types presented to us for assay, namely, animal fat, mineral oil 
or petrolatum base, water-in-oil, or oil-in-water emulsions. The addition of 
sulfathiazole was affected wthout reducing the 30 per cent calomel concentration. 
Generally speaking, raising the solid content of the ointment by an additional 15 
per cent had a tendency to produce drier and less unctuous ointments. Rabbits 
were used, and in addition to kidney tissue a block of skin 2.5 (cm.)* from the area 
exposed was removed with a punch and analyzed for mercury. Before sampling, 

TABLE 7 


Effect of addition of IB per cent sulfathiazole to 7 different calomel ointments on the cutaneous 
penetration and concentration of mercury 

The measure of penetration is the storage of mercury in hidney tissue of the rabbit 


VEHrClE nPE 

WITHOirr SULFATHUrOLE* 

WITH SOtFATHlATOIf • 

Kidney (micrograms 

mercury per 
gram wet weight) 

Skin (micrograms 

mercury per 
(cm )» wet skin) 

Kidney (micrograms 

mercury per 
gram wet weight) 


Water-in-oil 

6.6 

13 

3 4 

53 

Water-in-oil 

9 2 

16 

6.4 

22 

Oil-jn-water 

5 8 

4 4 

3 6 

6 8 

Oil-in-water 

3 4 

4 0 

3 7 

6.8 

Oil-in-water 

10 

1 7 

6 8 

17 

Petrolatum base 

5 8 

0 68 

4 5 

31 

Animal fat 

5 3 

3 0 

4.6 

12 

Average 

6 6 

6 1 

4 7 

21 


* One animal only was used for each treatment 


all excess ointment was first removed by scraping, following which the skin was 
thoroughly scrubbed with soap and water. Table 7 shows the results. It is 
indicated that the presence of sulfathiazole reduces the penetration of mercury 
but it is not possible from this experiment to decide clearly whether sulfathiazole 
modified the passage of mercury through the skin or its disposition once it had 
gained entrance. That the former explanation is the more probable one is sup- 
ported by the finding that the sldn shows markedly greater amounts of mercury 
after calomel-sulfathiazole inunction than after calomel. This may indicate that 
the sulfathiazole has immobilized some of the mercury within the skin structures 
in either a chemical or a physical manner. 

To decide to what extent the mechanical “stiffening” of an ointment due to 
sulfathiazole may influence the penetration of mercury, an attempt was made to 
control the mechanical factor by the construction of an ointment containing 15 
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per cent talc as an inert filler. The particular vehicle selected nras of the type 
which would he expected to show the most marked “stifiemng” effects from the 
addition of a fiUer. The results are shown in table 8. While the difference be- 
tween calomel with and without sulfathiazole is distinctly significant, p = 0.007, 
this is not so for the difference between calomel with and without talc. Actually 
talc pves a significantly higher penetration than sulfathiazole (p = 0.007). One 
may be led to conclude from these limited data that the mechanical factor from 
sulfathiazole may be of relatively minor importance on its influence on the percu- 
taneous penetration of mercury. 

Slate of subdivision of calomel. Distinction was made between two different 
calomel powders on the basis of particle aze: (a) Ordinary fine milled: Range of 


TABLE 8 


The effect of sulfathiazole and talc on the cutaneous penetration of mercury through the slin 

of indtvtdual rats 

The measure of penetration in the storage of mercury in liver and kidney tissue 


(Micrograms mercury per gram of wet tissue) 


TALC PUTS CAU)M£t 

CAlOtfCl. 

SULTATHIAZOIX PLUS CALOUEL 

Livtr 

C.idfiey 

Liver 1 

. Kidney 

Liver 

Kidney 

0.57 


■Hi 


0.53 

12 

0.61 



18 

0 57 

12 

0.57 

n 


16 

0.43 

12 

0.56 

13 


13 

0.50 

8.5 

0.63 

19 

0.67 ! 

24 

0.39 

6.0 

0.44 

17 

0.74 

22 

0 46 

13 

Avg... 0.56 

15 

0.66 

19 

0.48 

11 


Composition of vehicle : 
Propylene glycol 
Starch glycerite 
Stearic acid 
Glycerol monostcarate 
Spermaceti 
Water 


to 

. 26 
. 34 
. 4 
. 2 
. 2 
32 


size 10 to 100 nucra; (b) Micronized: Range of size 1 to 10 micra. Four different 
types of vehicles were used, oil-in-water, water-in-oil, 100 per cent petrolatiun, 
100 per cent propylene glycol. In selecting the vehicles, cognizance was taken 
of the possibility that the effect (if any) of particle size on penetration might be 
related to aqueous solubility of the finely divided calomel. Hence, two of the 
Vehicles contained water and propylene glycol. Table 9 shows the results. It 
is clear that better penetration is obtained with micronized calomel, but the 
effect is not favored by any particular vehicle. Possibly the better penetration 
of mercury from the ointments containing micronized calomel may result from 
the greater facility with which these small particles can be forced into the skin 
appendages bj’ inunction. 
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Concentration of mercury. Since the application of mercurial ointments vas 
always designed to leave an excess on the skin, the question arose whether reduo- 


TABLE 9 

Effect of particle size of calomel on the cutaneous penetration of mercury 
The measure of penetration is the storage of mercury in kidney tissue of the rabhit and 

tke rat 

(Micrograms mercury per gram wet kidney) 


TYPE OF VTIHICLE 

I\PE or CAtO&IEL 

Ordinary fine milled (particle i 
sire. 10-100 micra) i 

Micronized (particle size: 
1-10 micra) 

Oil-in-water* 

18 

35 

Water-in-oil* . 

11 

32 

100% petrolatum* 

16 

26 

100% propylene glycolf 

15 

28 


• Average of two rabbits on each treatment, 
t Average of six rats on each treatment. 


TABLE 10 


Effect of mercury concentration in the vehicle on the cutaneous penetration of mercury 
The measure of penetration is the storage of mercury in the kidney tissue of 
individual rats 

(Micrograms mercury per gram of wet kidney) 


CALOUEL 


WETALLTC UEECUEY 


AU3CON1ATED UESCTJBV 


YEUOW^ OXIDE UERCUSV 


Per ceot raetallic mercury 


25 


50 

25 

10 1 

25 

4 

25 

0 95 

6.3 

10 



1 





5.4 

7.5 

15 

12 

13 

14 1 

18 

14 

9.1 

7.3 

10 

16 

16 

18 

13 

14 

12 

8.4 

8.6 

3,1 

17 

10 

6.5 

9.4 

7.7 j 

12 

9.7 

9 4 

6.7 

8.0 

14 

9.7 

11 

5.8 

13 

6.0 

7.0 

4.1 



8.4 

j 

8.8 


3,3 

'' ! 

6.4 



7.3 


11 


5.4 

Avg. 7.9 

6.8 

12 

13 

10.5 

12 

11 

13 

7.0 

Vehicle 

Vehicle j 

Vehicle 

Vehicle 

Petrolatum 

. 100% 

Oleate 

of mer- 

Anhydrous 

Anhydrous 



cury 


. 4% 

lanolin.. 5.3% 

' lanolin.. 1.0% 



Lanolin 

60% 

White 


' Yellou’ 




White wax 

10% 

petro- 


! petro- 




1 White petrolatum 26% ] 

latum. 

. 94.7% 

latum. 

. 99.0% 


tion in concentration of the mercurial might be effected without seriously reducing 
its cutaneous penetration. The possibilities of c'onserving mercury by this means 
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were obvious. Pour different mercurials were examined, of which three, the 
metallic 50 per cent and 10 per cent, ammoniated 4 per cent, and yellow oxide 
0.93 per cent are official U.S.P. preparations. Adjustments were made to give.a 
large range of concentration of mercury . The results are given in table 10 . With 
the exception of the yellow oxide, where a 25-fold increase in mercuiy produced 
a significant rise in cutaneous penetration, it can be seen that the response of 
cutaneous penetration to changes in concentration of mercuiy in the other oint- 
ments is relatively insensitive. It should be remarked, however, that tins result 
might not be so unequivocal with other techniques of application where contact 
with mercury is repeated daily or prolonged beyond the 24-hour exposure period 
used in these assays. In some experiments with rabbits in which 10 and 25 per 
cent calomel ointments were compared by a modified 4-day exposure technique, 
significantly more mercury was found in the kidneys of the animals treated with 
the higher concentration. Sinularly, when the carefully cleaned skin from areas 
exposed to 10 and 25 per cent calomel were analyzed and compared, it was found 
that the former averaged 24, and the latter 51 micrograms of mercury per 2.55 
(cm.)® of sldn. 

Ejfect of aging. The results of Menschel (6) have indicated that interaction 
between mercury and ointment base takes place with the formation of mercuric 
oleate. According to our results, mercuric oleate ^ves by far the best penetra- 
tion. Table 11 illustrates quite effectively that mercury may react with lard and 
presumably forms mercuric oleate rvith the oleic acid. It can be seen that after 
approximately 16 months of contact between calomel and lard, significantly 
greater penetration of mercury occurred than from a freshly prepared ointment. 
Because of the possibility that other factors might modify the assay and falsify 
the interpretation, a calomel in petrolatum assay was run simultaneously as con- 
trol. This shows that none of the conditions of the assay had changed and that 
it could be pemussible to interpret the results with the lard ointment as due to 
some type of interaction. 

Discussion. From the data presented it would appear that the vehicle is the 
most important factor in the cutaneous penetration of mercury. One of the time 
honored vehicles, petrolatum, has been shoum to support only relatively small 
penetration of mercuiy, while lard, in contrast, proved to be an excellent vehicle. 
It is possible that the difference between lard and petrolatum may lie in the oleic 
acid content of the former. There is reason to believe that by interaction nith 
the vehicle, some compounds of mercury may be converted to the oleate. Mer- 
curic oleate itself stands far above all the other compounds of mercury studied in 
its penetrating properties. 

IWiile the device of studying very simple vehicles has pointed the way toward 
the construction of more complicated vehicles which may' be presumed to be effec- 
tive in supporting good penetration of mercury', one must not lose sight of the 
possibility that interaction between vehicles, resulting in chemical and mechani- 
cal changes, may so outweigh the properties of the indiridual substance that its 
effects become in fact unrecognizable. Gencmlly’ speaking, it would appear that 
the type of vehicle, whether fat, watcr-in-oil or oil-in-water emulsion, is less im- 
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portant to penetration of mercuiy than the constituents which it contains. 
Thus, petrolatum, mineral oil or lanolin cannot be regarded as favoring the pene- 
tration of mercury in any vehicle, while oleic acid or propylene glycol, provided 
they are not too strongly diluted, may be e.xpected to enhance penetration. 

In contrast to the results of Cole et al. (4), which unequivocally favor a high 
concentration of mercury in the ointment in order to accomplish high penetra- 
tion, our assay techniques do not bear this out. This is best explained by the 
fact that the exposure period in the rat assay method lasts but 24 hours while the 

TABLE 11 

Aging of a lard-calomel ointment and its effect on the cutaneous penetration of mercury 


The measure of penetration is the storage of mercury in the liver and kidney tissue of the rat 
(Micrograms mercury per gram vet tissue) 


30% CAIO^L, 70% BENZOINATED LABI). 

PBEPAKED 11-8-43, ASSAYED 11-11-43 

30% CAIOUEL, 70% ITTBOIATtrU. 

FSEBAKED 11-8-43, ASSAYXD 11-11-43 

Kidney 

Liver 

Kidney 

Liver 

13 

0.68 

8.8 

0.65 

14 

0.70 

3.7 

0.38 

7.9 

0.35 

8.2 

0.41 

7.0 

0.36 

2.8 

0.36 


0.45 

3.5 

0.22 



6.4 

0.30 

Avg 11 

0.51 

5.6 

0.39 

SAUE OOmcEKT. BEASSAYED 4-26-4S 

YXESHLY BBEPAiZD AKDVsSAkTD 4-25-4S 

15 

0.99 

10 

0.52 

24 1 

0.72 

6.5 

1 0.41 

19 I 

0.82 

4.4 

0.40 

13 1 

0.51 

6.4 

0.34 

20 

0.71 

2.4 

0.21 

14 i 

0.95 

6.6 

0.40 

11 

0.56 

2.2 

0.34 

Avg 17 

0.75 

5.5 

0.37 


human assay method extends over weeks during which time there is a better 
chance for the larger reservoirs of mercury to make themselves evident in urinary 
and fecal excretion. Conversely, however, the prolonged e.xposure experiments of 
Cole et al. fail to discriminate between particle size and vehicle type, both of 
which we have shown to be so effective in determining penetration. 

The studies on the effects of wetting agents on penetration are at best not very 
striking compared with those obtained by Duemling (5) with other penetrating 
substances. The relationship between the vehicle and the wetting agent must 
obvuously be subjected to additional intensive study. 
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BIIMMARY 

1. The vehicle appears to have the greatest influence on the penetration of 
mercury. Of the single component vehicles, oleic acid and propylene glycol 
support the greatest penetration of mercury. With the exception of water, the 
poorest vehicles are the ones which have been most frequently incorporated in 
ointments, namely, petrolatum, mineral oil and lanolin. 

2. Next to the vehicle, the compound of mercury appears to have the greatest 
influence on the cutaneous penetration of mercury. 

3. Cutaneous penetration is least affected by the concentration of mercury in 
the ointment. In the case of the yellow oxide of mercury, it requires a 25-fold 
increase in concentration in the ointment to cause a doubling of penetration. 

4. Reduction in particle size of calomel increases the penetration of mercury. 

5. Addition of 15 per cent sulfathiazole to a calomel ointment reduces cutane- 
ous penetration of mercury by approximately one-third. 

6. The type of vehicle appears to determine the effectiveness of the wetting 
agent in increasing the penetration of mercury through the skin. 

7. Evidence is presented to show that interaction between the mercury com- 
pound and the vehicle may materially modify penetration through the skin. 

The authors wish to thank Mr. 0. L. Evenson, of the Cosmetic Division, for 
the preparation of some of the ointments. 
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Acceleration of heart action is usually due to a preponderance of cardiac sym- 
pathetic tone over cardiac vagal tone, resulting either from an absolute increase 
of the former, as exemplified by the action of epinephrine, or from a decrease of 
the latter, as exemplified by the action of atropine, or from a combination of both. 

The immediate effects upon the heart of injected or secreted epinephrine and 
of stimulation of the cardiac sympathetic nerves are identical in so far as stimula- 
tion of the cardiac sympathetic neurones gives rise to discharges of epinephrine 
from their terminals into the myocardial effector cells (0, Loewi (1), Gannon and 
Lissak (2), Raab and Humphreys (3a)). Regardless of its origin in either the 
adrenal medulla or in sympathetic neurones, epinephrine seems to be transformed 
unthin the myocardium into other epinephrine-like compounds with an intact 
catechol nucleus (sympathin) (Cannon and Rosenblueth (4), Raab and Hum- 
phreys (3a)) . However, in the case of medullary epinephrine discharges or injec- 
tion of epinephrine, the accompanying rise of systemic blood pressure is likely to 
elicit simultaneous central stimulation of the vagus via the carotid and aortic 
pressoreceptor mechanism which may entirely over-shadow the heart-accelerat- 
ing effect of epinephrine per se. On the other hand, intense faradio stimulation 
of the cardiac sympathetic nerv'es may convey unintended stimuli to the earchac 
vagus through connecting sjunpathetic fibres. 

Acet 3 dcholine elicits discharges of epinephrine from both the adrenal medulla 
and sjTnpathetic neurones (Feldberg, Minz and Tsudzumura (5)) and thus pro- 
duces cardiac acceleration if its vagus stimulating effect is abolished through 
atropine (Danielopolu and Crivez (6)). 

Stimulation of the splanchnic nerves leads to epinephrine discharges from the 
adrenal medulla (Dreyer (7) and others) and is comparable to injection of 
epinephrine regarding its effect on the heart rate. 

In the experiments described in this paper, the above named t 3 'pes of artificial 
cardiac acceleration were first investigated regarding their relationship with the 
amount of epinephrine and epinephrine-like material (s 3 rmpathin) found in the 
heart muscle at the termination of the respective experimental periods. These 
results, as well as the recorded heart rates, were used as standards for comparison 
with the results obtained under analogous e.\-perimental conditions in combina- 
tion with the administration of nitroglycerine, papaverine, priscol and dibenamine 
hydrochloride. 

^ This study was aided bj' a grant from the John and MBr 3 ’ R. Markle Foundation. 
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The purpose of these experimeuts was to find indications of a possible antago- 
nistic effect of the two first-named drugs against epinephrine-sympathin on the 
heart and of a definite “sjunpatholytic” effect of priscol and dibenamine hydro- 
chloride, the “adrenolytic” action of which had been established in previous 
investigations (Hartmann and Isler (8), Nickerson (9), Raab and Humphreys 
(3b)). 
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Fig. 1. The curves indicate the average heart rates per minute of 7 to 10 cats in the re- 
spective experimental groups. 

The figures in squares indicate the average deviations of the myocardial concentration 
of epinephrine plus epinephrine-like material (sjTupathin), found at the end of the respec- 
tive experimental periods, as compared with the average standard value found in 15 con- 
trol cats. 

The dosages and mode of administration of the various drugs are given in tables 2 to 12. 


Methods. All e.xpcriments were carried out in cats under nembutal anesthesia and with 
artificial respiration. Animals intended for epinephrine and acetylcholine injection were 
first alTopinizcd (1.5-2 mgTn./kgn\., i.v.). In cats intended for stimulation of the stellate 
ganglia, the adrenal glands wore first tied ofT. In all cases stnbiliration of the heart rate 
was awaited for about 15 minutes before the tests were begun. The heart rale was de- 
termined by palpation through an opening in the chest- 

Fnradic Plimulalions were carried out with a Har\’ard inductorium, connected to al- 
ternating current by means of n transformer and a resistor and with shielded Har\‘ard 
electrodes. The latter were altnchcd to both stellate ganglia (except in cats Xo. 23-27 
'^here only the left ganglion was stimulated) and the ganglia were severed from the tho- 
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racic trunk. In another group of experiments the electrodes were attached to the 
splanchnic nerves on both sides. 

With only a few e.xceptions all drugs were injected intravenously over periods of ten 
minutes during which the heart beats were counted each minute. Usually, one tenth of 
the total dose of each drug was injected during the first half of each minute and the heart 
rate was counted during the second half. Priscol was injected in one dose before 
stimulation of the stallate ganglia. 

At the end of the experimental periods the hearts were excised and immediately sub- 
jected to chemical analysis for epinephrine and related compounds with the method of 
Shaw (10) as modified and described by one of us (Raab (11)). The colorimetric readings 
obtained with this method indicate the amount of sympathomimetic catechol compounds 
present in the tissues e.\amined. They are expressed in color units, each of which corre- 
sponds to 0.001 gamma of epinephrine, and agree satisfactorily with quantitative biological 


TABLE 1 

Controls: cats in nembutal anesthesia 


CAT NO. 

rPINEPHRINE-UKE UATTKIAL IN HEAST 

D.S.S. 

1 

coior units/im. 

1,451 

1.18 

3 

1,700 

1.14 

3 

1,590 

1.09 

4 

1,496 

1.03 

5 

1,377 

1.12 

6 

1,308 

1.00 

7 

1,544 

1.07 

8 

1,600 

1.18 

9 

1,585 

1.01 

10 1 

1,629 

1.00 

11 

1,029 

1.18 

12 

1,339 

1.05 

13 

1,824 

1.06 

14 

1,335 

1.11 ' 

15 

931 

1.45 

Average 

1,449 

1.11 


tests (3a). MTiether the colorimetric readings are due to a prevailing presence of epineph- 
rine proper or of other epinephrine-like catechol compounds (sympathin) can be es- 
timated from the “denominator of the specific ratio” (d.s.r.). A d.s.r. near or above 
2.00 indicates pure epinephrine, a d.s.r. near 1.0 indicates the prevalence of other epineph- 
rine-like compounds. 

Results. Injection of epinephrine in atropinized cats (tab. 2, fig. 1) was fol- 
lowed by the usual massive myocardial accumulation of chromogenic epineph- 
rine-like material (-f 990%) with a d.s.r. of 1.47, suggesting its only partial iden- 
tity with epinephrine. The average increase of the heart rate was 40 beats per 
minute. 

Intense stimulation of one or both stellate ganglia (tab. 3, fig. 1) elicited an 
initial sharp rise of the average heart rate which was followed by a gradual return 
toward normal. The average increase of the heart rate per minute was 20 beats 
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and the average increase of epinephiine-like compounds in the myocardium was 
35% with a d.s.r. of 1.05. 


TABLE 2 


Injection of epinep\rine cals atropinised) 


CAT NO. 

DOSE 

BASAL HEAST 
JUtTE 

aveeace devia- 
tion OT HEAET . 
BATE PEE UlM. 

EP1KEPHRIKE*UKE 
UATEEIAL IK 
HEAET 

D.S.K. 


tn^m. per Igm. 



eolitr units/gm. 


16 

1.0 

188 

+37 

11,622 

1.57 

17 

1.0 

160 

+57 

4,275 

1.46 

18 

1.0 

186 

+68 

7,693 

1.59 

19 

1.0 

200 

+46 

6,737 

1.68 

20 

5.0 

190 

+43 

21,622 

? 

21 

5.0 

196 

+25 


1.33 

22 

5.0 

220 

+4 

19,533 

1.20 

Average 

2.7 

191 

+40 

15,799 

1.47 

Difference 

+990% 





TABLE 3 


Faradic stvmuiation of tlellale ganglia* {adrenals lied) 


CAT KO. 

BASAL KEAET ILATE 

AVEEAGE DEVIATXOK 
or irtAET BATE 
EEEUIK. 

tPIKEPHElKE-USE 
UATEEUL m 
HEAEt 

D.8.E. 




color uniti/gm. 


23 

144 

+54 

1,721 

1.00 

24 

150 

+9 

1,882 

1.09 

25 

172 

+24 

1,451 

1.01 

20 

162 

+30 

2,050 

? 

27 

200 

+9 

1,851 

1,00 

28 

168 

+29 

2,613 

1.04 

29 

154 

+16 

2,183 

1.14 

30 

140 

+52 

1,707 

0.99 

31 

162 

+17 

2,459 

1.07 

32 

194 

-40t 

1,586 

1.09 

Average 

165 

+20 

1,953 

1.05 

Difference 

+35% 



* Coil dislancc diminiBbing from 7 to J cm. 

t This animal died after a tcmporarj' acceleration of the heart rate which was followed 
hy increasing bradycardia. 


Injection of acetylcholine in atropinized cats (tab, 4, fig. 1) gave rise to an 
average cardiac acceleration of 42 beats per minute. The increase of myocardial 
'epinephrinc-like material was 35% above the normal average vith a d.s.r. of 1.06. 
Tile cITect of snlanchnic stimulation upon heart rate and myocardial accumula- 
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tion of epinephrine-like compounds (tab. 5, fig. 1) was similar to that of acetylcho- 
line injection. 


TABLE 4 


Acetylcholine injection* {intravenous; cats atropinized) 


CAT NO 

1 SA5AX. BtlAXT KATE 

AVEltACC J)EVlAnO*J , 
or HEART KATE 

PER tfUf 

EPIKEPHRINE TTyE 
UATESIAJL IN HEART 

i 

HSR. 

33 

200 

-i-si 

color umts/t^m. 

2,164 

1.09 

34 

ISO 

+66 

1,477 

l.OS 

35 

19S 

+32 

2,051 

1.21 

36 

214 

+38 

2,487 

1.00 

37 

220 

+31 

2,087 

1.08 

38 

192 

+42 

1,418 

1.00 

39 

232 

+30 

2,349 

1.13 

40 

184 

+41 

1,864 

1.00 

41 1 

220 

+34 

1,849 

1.00 

42 

20S 

+53 

1,777 

1 1.00 

Average 

202 

+42 

1,952 

1.06 

Difference 



+35% 



* 10 mgm./kgm. 


TABLE 5 


Stimulation of splanchnic nerves* 


CAT NO 

SASAE HEART RATE i 

AVERAGE DEVIATION 
OF HEART RATE 

PER UXN 

EPINEPHRINE-LIRE 
MATERIAL IN BEAST 

D S R 

43 

162 

+4 

color Uftils/sm 

1,739 

? 

44 

136 

+15 

1,784 

I 00 

45 

160 

+38 

1,753 

1.04 

46 

184 

+17 

1,960 

1 1 00 

47 

182 

+27 

1,958 


48 

150 

+6 

1,601 


49 

I 168 

1 +33 

2,108 


50 

212 

+23 

1,585 


51 

150 

+21 

1,583 


52 

216 

+78 

1,520 

■BBi 

Average 

172 

+26 

1,759 

1.10 

Difference. 



+21% 



* Coil distance diminishing from 7 to i cm. 


Nitroglycerine e.\erfed in most instances a markedly weakening effect on the- 
cardiac acceleration induced by epinephrine (tab. 6, fig. 1) and by acetylcholine: 
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{tab. 7, fig. 1). The effect of faradic stimulation of the stellate ganglia was even 
converted into a retardation of the average heart rate (tab. 8, fig. 1). The 
average accumulation of epinephrine-like substances in the heart muscle was 

TABLE 6 


Epinephrine plus Nitroglycerine* {i.v.) (cats airopinized] 


CAT KO. 

X>OS£ 

SASAZ. BIIAS-T 
SATE 

; A%X£AGC DEVTA- 

nov or SEAiT 

I SATE TEE HIK. 

ETOiEPHMNE'ltEE 
UATEUAl. IK 
HEAET 

D5Jt. 

53 

I ngn.Jkgm, 

1.0 

182 

-f2 

ccloT unils/sm. 
10,082 

i 

1.36 

54 

1.0 

186 

+2 

7,834 

1.72 

55 

1.0 

168 

-i-30 

10,190 

2.85 

56 

1.0 

176 

-bS 

8,305 

1.42 

57 

5.0 

218 

-13 

21,517 

1.48 

5S 

5.0 

212 

-f-4 

21,918 

1.28 

59 

5.0 

196 

-5 

22,982 

1.33 

Average. . . . 

2.7 

191 

+4 

14,689 

1.62 

DiSerence. . 




-1-914% 



* 1 mgm.Agjn. 


TABLE 7 


Acetylcholine* (i.v.) plus Nitroglycerine (i.v.) (cats atropinized) 


CAT KO 

POSE or 
Kmocu 

BASAI. SEAZr 
XATE 

AVXKAGE X)r\TA- 
TtOK or HEAJtT 
KATE TEE lOK. 

1 ETIKETHSIKE'UrE 
lEATESML D* 
HEAJtT 

1 D-SJU 





ulcr mnlUJktTt. 


60 

0.3 

220 


1,625 


61 

0.3 

1 225 


1,828 


62 

0.3 

196 

-fS 

1,514 


63 

0.6 


-f33 

1,771 

1.00 

64 

1.0 

172 

-1-16 

1,623 

1.00 

65 i 

0.6 

188 

•1-7 

2,058 1 


66 

0.6 

192 

-bll 

1,451 ! 


67 

1.0 

188 

-b23 

1,922 I 


68 

1.0 

220 

-11 ' 

1,518 


69 

1.2 

20S 

-11 

1,929 

l.OS 

Average . 

199 

■1-6 

‘c5 

1.02 

I^ifTercncc. ... 

-1-19% 



* 10 mgm./kgm. 


somewhat smaller than normal in all three experimental groups with nitroglycer- 
me but the differences were only moderate. The d.s.r. was not altered sig- 
nificantly. 

Papaverine practically abolished the cardiac acceleration induced by both 
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epinephrine (tab. 9, fig. 1) and by stimulation of the stellate ganglia (fab. 10, 
fig. 1) and turned it gradually into a retardation in most instances although in a. 

TABLE 8 


Faradic stimulation of stellate ganglia* plus nitroglycerine^ {i.v.) 
(adrenals tied) 


CAT NO. 

BASAX. HTAST SATi: 

AVBKACE DE^TATIOV j 
OP HBAXT KATE 

PER ION 

BPINEPHKINE-lJrE 
BCATEKIAL IN 
HEART 

J>S,K. 

70 

148 

+13 

cojor unitf/gm. 
2,012 ; 


71 

160 

-15 

1,568 


72 

166 

+2 

2,026 

1.35 

73 

162 

-13 

1,655 ' 

1.10 

74 

162 

-29 

2,134 

? 

75 

182 

-49 

1,460 

1.07 

76 

180 

-13 

! 1.824 

1.04 

77 

168 

+14 

1,429 

1,22 

78 

192 

+4 

1,342 


79 

160 

+21 

2,019 

0.96 

Average 

168 

-7 

1,747 

1.11 

Difference. 



+21% 



* Coil distance i cm. 
1 1 mgm.Agm. 


TABLE 9 


Epinephrine plus Papaverine* (i.v.) (cats atropinized) 


CAT NO 

EPINEPIIKOrE 
POSE 1 

BASAL BXAKT 
KATE 

A>'EKAC£ PEVIA- 
TZON or HEART i 
RATE PER VIN j 

EPZNEPHXINE'LXXE 
MATERIAL XN 
HEART 

DSR. 


mgm /igm. 



color ufitls/gm. 


80 

1.0 

188 

-13 

11,373 

2.13 

81 

1,0 

180 

-24 

13,571 

1.60 

82 

1.0 

164 

+7 

12,129 

? 

83 

1.0 1 

192 

-11 

5,007 

1.89 

84 

5.0 

184 

±0 

3,706 

3.00 

85 

5.0 

170 

-5 

9,955 

1.62 

86 

5.0 

168 

-7 

11,806 

1.81 

Average . , 

2.7 

178 

-8 

9,649 

2.01 

Difference 

+566% 



* 5 mgm./kgm. 


few experiments a certain degree of acceleration was maintained. The accumu- 
lation of epinephrine-like compounds in the heart after injection of epinephrine 
was markedly diminished through papaverine (-f-566% instead of -1-990%). 
The average d.s.r. was high: 2.01. After stimulation of the stellate ganglia the 
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TABLE 10 


Faradic stimulation of stellate ganglia* plus papaverine^ (i.v.) (adrenals tied) 


CAT KO 

BASAt SEAJII KATE 

AN^KACZ DEVtATIO*? 
or HEAKT RATI: 
rZK MXK. 

ZPINEFHIUNE-LIKE 
UATESUL IN 
HEART 

P S.X. 

87 

mm 

-1 

color untts/gm. 

1,755 

1.21 

88 


+1 

1,075 

1.09 

89 

163 

+4 

1,711 

1.16 

90 

176 

-36 

1,043 

1.18 

91 

148 

+27 

743 

1.05 

92 

164 

+9 i 

1,679 

0.99 

93 

174 

-5 

2,169 

0.98 

94 

148 

+2 

1,501 

0.98 

95 

172 

-37 

1,960 

0.98 

96 

168 

+18 

1,422 

1.42 

Average 

166 

-2 

1,506 

1.10 

Difference. . 



+4% 



* Coil distance i cm. 
t 5 mgm./kgm. 


TABLE 11 


Faradic stimulation of stellate ganglta* plus Priscol\ (i.v.) (adrenals tied) 


CAT ^0. 

BAS^L nCART RATE 

AV'EKaCC pen iatiov 

OF HEART RATE 

PER MIN. 

EPINEPaRINE-LIEE 
MATERIAL IN 
HEART 

D SJk. 

97 

108 

-34 

color unttj/gm. 

2,069 

1.00 

98 

228 

-51 

1,760 

1.03 

99 

220 

-6 

1,857 

1.00 

100 

212 

-16 

2,441 

1.12 

101 

170 

+8 

2,000 

1.02 

102 

186 

-70 

1,711 

1.14 

103 

220 

-15 

1,435 

1.00 

104 

210 

-15 

1,806 

1.06 

105 

200 

+19 

1,420 

1.20 

Average 

195 

j -20 

1,833 


Difference. .. 



+27^0 



• Coil distance } cm. 

t 10 mgm /kgm. 35 minutes before stimulation of the ganglia. 


accumulation of cpinepUrine-like material in the myocardium was almost 
abolished: only +4.%. 

PriscoP e.xcrtcd a markedly retarding influence on the heart rate during stimu- 

* I’riscol wiui kindly supplied by Dr. Ernest Oppcnlieimer of Ciba. 
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lation of the stellate ganglia (tab. 11, fig. 1) although the myocardial accumula- 
tion of epinephrine-like material was only slightly diminished. 

The effects of dibenamine hydrochloride’ on the heart rate were somewhat 
irregular but the average curve (tab. 12, fig. 1) showed a marked diminution of 
the cardiac acceleration through stimulation of the stellate ganglia. The con- 
centration of epinephiine-like substances in the heart muscle w'as even slightly 
below normal. 

Discussion. In the above described experiments all cardiac accelerations 
which were induced by adreno-sympathetic interference, namely, injection of 
epinephrine, electrical stimulation of the stefiate ganglia or splanchnic nerves, 
and injection of acetylcholine in atropinized cats, were accompanied by an 

TABLE 12 


Faradic stimulation of the stellate ganglia* plus dibenamine kgdrochloridef (i.v.) 

(adrenals tied) 


CAT NO. 

1 BASAt. HE.AST BATE 

1 

ax-ekace scvunoK | 

or HEABT RATE j 

PER lOK j 

EPINEPHRINE UICE 
UATERML IN 1 

HEART 1 

HSR. 

106 

1 

160 


c^hr umh/gm \ 

1,536 

■■■ 

107 

144 


1,421 


108 

152 


1,113 


109 

168 


1,705 


no 

152 


1,296 


111 

160 


1,392 


112 

176 

-14 

1,429 


113 

158 

-t-5 

831 

1.00 

114 

148 

-H3 

2,054 

1.04 

115 

172 

-1-13 

644 

1.39 

Average 

159 

+3 

1,342 

1.12 

Difference. 



-7% 



* Coil distance i cm. 

1 10 mgm /kgm. in cats no. 106-110; 20 mgm./kgm. in cats no. 111-115. 


accumulation of epinephrine and epinephrine-like catechol compounds (probably 
sympathin) in the myocardium. This was to be expected in view of the fact that 
the heart muscle is distinguished by the peculiarity of eagerly absorbing injected 
or secreted epinephrine (Raab (11)) and that stimulated sympathetic nerves dis- 
charge epinephrine into thpir effector cells where it seems to be transformed into 
sympathin which is probably identical with nor-epinephrine (literature see Eaab 
and Humphreys (3a)). 

The amounts of epinephiine-sympathin found in the heart muscle under the 
above mentioned experimental conditions varied widely, especially with varying 

’ Dibenamine hydrochloride was kindly supplied by Dr. IV. Gump of Givaudan-Dela- 
wanna Chemical works. 
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doses of injected epinephrine, and there was no discernible quantitative relation- 
ship between the degree of increase of epinephrine-sympathin in the heart on one 
hand and the degree of increase of the heart rate on the other. Since, in another 
series of experiments (Raab and Maes (23)) cardiac sympathetic denervation and 
total sympathectomy were followed both by a diminution of epinephrine-S3Tnpa- 
thin in the heart muscle and by bradycardia of varying degrees, it would appear 
that changes of the heart rate are facilitated by any deviation of the myocardial 
epinephrine-sympathin concentration from its individual standard level without 
being quantitatively determined by the absolute size of this deviation. There 
are indications that the effects of the sympathomimetic amines on heart function 
may -be due essentially to secondary alterations of the myocardial electrolyte 
distribution. This question is being studied at the present time in our lab- 
oratories. 


TABLE 13 


Modification of survival lime after inlrapentoneal injection of large doses of epinephrine 

(10 mgm./kgm.) in rats 


PBETlEAnCCKT WITH 

MIKUTES or SirXVlVAE 

SHUBER or 
AKtUALS 

UOaXAlXTY 

^tiDtmum 

MAZunum 

Average 


Kothing . j 

5 

28 

13 

10 

■1 

Kitroglyccrinc i p, (S mgm /kgm.) 

12 

18 

15 

6 


Xcmbutal i p (0.5 gm /kgm.) 

17 

37 

27 

S 


Papaverine i.p (10 mgm./kgm.) 

10 

indefinite* 

>53* 

15 

j 94 


* One animal recovered completely; the longest measured period of survival was 308 
minutes The majority of the papaverine-pretreated rats did not display the usual fea- 
tures of gasping, convulsions and pulmonarj' edema before death but lay motionless with 
slow respiration and heart action, in some cases showing increasing stiffness of the ex- 
tremities. 

By far the highest mj'ocardial concentrations of epinephrine and epinephrine- 
like material were obsen'ed after intravenous injection of epinephrine. In fact, 
these concentrations were often so enormously high above what had been found 
to be the rapidly fatal level in other animals (rats) (Raab and Humphreys (3b)) 
that the survival of the epinephrine-injected cats for as long as 10 minutes seemed 
surprising. Since it appeared possible that the nembutal anesthesia might have 
exerted a certain protective effect, a number of tests with absolutely fatal doses 
of epinephrine (10 mgm./kgm.) were run in rats (see table 13). They showed 
that the time of surxival ivas about doubled through nembutal anesthesia. Simi- 
lar observations have been reported by Luisada (24) in his studies concerning the 
prevention of epinephrine-induced pulmonarj' edema through barbiturates. 

An antagonistic effect of nitroglj’cerine against the vasopressor action of 
epinephrine has long been known (Cameron, 1900 (12)) and this vasodilating 
effect is generally interpreted as being located directly on the contractile sub- 
stance (Sollmann (13)). tniile the heart rate in the intact human or animal 
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lation of the stellate ganglia (tab. 11, fig. 1) although the myocardial accumula- 
tion of epinephrine-like material was only shghtly diminished. 

The effects of dibenamine hydrochloride* on the heart rate were somewhat 
irregular but the average curve (tab. 12, fig. 1) showed a marked diminution of 
the cardiac acceleration through stimulation of the stellate ganglia. The con- 
centration of epinephrine-like substances in the heart muscle was even sli^tly 
below normal. 

Discussion. In the above described experiments all cardiac accelerations 
which were induced by adreno-sympathetic interference, namely, injection of 
epinephrine, electrical stimulation of the stellate ganglia or splanchnic nerves, 
and injection of acetylcholine in atroj)inized cats, were accompanied by an 

TABLE 12 


Faradic sh'mutation of Iht slelCate ganglia* plus dibenamine hydrochloride^ (i.v.) 

(adrenals tied) 


CAT NO. 

i 

1 

j BASAL HEAST SATE i 

AVEIACE DEVIATION , 
OE nCA&T RATE 

PEK ION. 

EPINEPHRINE-MICE 
UATERIAL m 
HEART 

D sn. 

106 

160 1 

±0 

color unitr/gm^ 

1,536 

— 

107 

1 144 1 

-34 

1,421 


m 

[ 152 1 

-t-23 

1,113 


109 

! 168 

-11 

' 1,705 


110 

152 

-1-25 

1,296 


111 

160 

-9 

1,392 


112 

176 

-14 

1,429 


113 

158 

-f-5 

831 

1.00 

114 

148 

-H3 

1 2,054 

1.04 

115 

172 1 

+13 

1 644 

1.39 

Average { 

159 , 

+3 

1 1,342 

1 

' 1.12 

Difference. 



i -7% 



* Coil distance } cm. 

f 10 mgm./kgm. in cats no. 105-110; 20 mgm./kgra. in cats no, 111-115. 


accumulation of epinephrine and epinephrine-like catechol compounds (probably 
sympathin) in the myocardium. This was to be expected in view of the fact that 
the heart muscle is distinguished by the peculiarity of eagerly absorbing injected 
or secreted epinephrine (Raab (11)) and that stimulated sympathetic nerves dis- 
charge epinephrine into thpir effector cells where it seems to be transformed into 
sympathin which is probably identical with nor-epinephrine (literature see Kaab 
and Humphreys (3a)). 

The amounts of epinephrine-sympathin found in the heart muscle under the 
above mentioned experimental conditions varied widely, especially with varying 

> Dibenamine hydrochloride was kindly supplied by Dr. W. Gump of Givaudsn-Dela- 
wanna Chemical works. , ’ 
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ganglia) despite an almost unimpaired myocardial accumulation of epinephrine- 
like material, as demonstrated in our above described experiments, indicates a 
potent “sympatholytic” activity of this drug beside the preriously studied 
“adrenolytic” one. 

Surprisin^y, the sympatholytic effect of dibenamine hydrochloride (dibenzyl- 
^-chloro-ethylamine hydrochloride), by far the most powerful adrenolytic drug 
in edsfence (Mckerson (9), Eaab and Humphreys (3b)), proved less regular 
regarding the heart rate than e.vpected despite a practically* complete inhibition 
of myocardial sympathin accumulation during faradic stimulation of the stellate 
ganglia. The latter phenomenon in the heart of the cat differs also from the non- 
inhibition, even occasional enhancement, of the accumulation of injected epineph- 
rine in the rat heart. These apparent discrepancies may be due, in part, to the 
fact that in the above mentioned rat experiments intervals up to many hours 
elapsed between the administration of dibenamine hydrochloride and the injec- 
tion of epinephrine, while in the cat experiments with stimulation of the stellate 
ganglia the dibenamine hydrochloride was given simultaneously. Cardiac 
accelerations in the absence of any dhstinguishable increase of the myocardial 
epmephrine-sympathin concentration, as seen in some of the experiments with 
dibenamine hydrochloride, may possibly be e.xplained by the assrunption of a 
speeded up destruction of newly formed sympathin in the effector cells under the 
influence of dibenamine hydrochloride, although no such process could be demon- 
strated in vitro by simply mbdng epinephrine and dibenamine hydrochloride. 

SUiniART 

Injection of epinephrine or acetylcholine in atropinized cats, faradic stimula- 
tion of the stellate ganglia in cats rvith theadrenals tied, and faradic stimulation of 
the splanchnic ner-ves were found to be followed both by an accumulation of 
epinephrine and epinephrine-like catechol compounds (probably sympathin) in 
the heart muscle, and by cardiac acceleration. 

Simultaneous intravenous administration of nitroglycerine, papaverine, prtscol 
and dibenamine hydrochloride abolished those types of adreno-sympathetic 
cardiac acceleration against which they were tested, either partially or com- 
pletdj*. 

Nitroglycerine and priscol interfered only to a nloderate extent with the accu- 
mulation of epinephrine-like material in the myocardium; papaverine inhibited 
it markedly*; dibenamine h}*drochloride prevented it completely during stimula- 
tion of the stellate ganglia. Thus, the mode of antagonistic action against 
adreno-sympathetic cardiac acceleration appears to be of a different nature in 
these drugs. 

The anti-epinephiine-sympathin effects of nitroglycerine and papax-erine re- 
garding myocardial function suggest that the therapeutic action of these drugs in 
angina pectoris is not due to coronary* dilatation alone but also to a specific 
counteraction against the myocardial metabolic effects of an excess influx of 
adreno-sympathogenic epmephrine in the heart. 
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organism is usually indirectly accelerated by various nitrites through intervention 
of the reflectory carotid and aortic pressoreceptor mechanism, the excised mam- 
malian heart appears to be only slightly affected by moderate doses of nitrites 
(literature see Solhnann (13)). On the other hand, the striking diminution or 
abolition of adreno-sympathogenic cardiac accelerations by nitroglycerine with- 
out much alteration of the myocardial sympathin accumulation, as observed by 
us, seems suggestive of a specific desenatization of the heart muscle to epineph- 
rine-sympathin through nitroglycerine, in analogy to the effects of this sub- 
stance on the vascular muscles. 

The traditional, though unproven belief that the symptoms of angina pectoris 
on effort, etc., be due to spastic coronary constrictions is based largely on the 
pain-relieving effect of nitrites which, in turn, is interpreted by most clinicians as 
consisting solely of coronary dilatation. How'ever, the above described desensi- 
tizing effect of nitroglycerine against epmephrine-sjunpathin in the myocardium 
seems to rather support the conception of Shambaugh and Cutler (14), Eppinger 
and Levine (IS) and Raab (16) who attribute the anginal sjmdrome to excessive 
influxes of epinephrine-sympathin into the heart muscle during exercise, emo- 
tions, etc., especially in view of the intensely anoxiating effect of epinephrine- 
sympathin on the heart muscle, as demonstrated by GoUwitzer-Meier, ICramer 
and Kriiger (17) and others (literature see Raab (16)). 

Papaverine too has been in use for a long time in Europe in the treatment of 
angina pectoris as a “spasmolytic” drug and has been recommended more recently 
also in this country by Katz and Elek (18). Like the nitrites it counteracts the 
vasopressor effect of epinephrine (Mercier and Delphaut (19)) but it also exerts 
some effects upon the heart: It was found to reduce the rate of the mammalian 
heart even after section of the vagi or atropinization or destruction of the stellate 
ganglia, thus, apparently, through direct action upon the myocardium (Macht 
(20)). Furthermore, papaverine decreases the irritability of the heart, as evi- 
denced by the elevation of the threshold for ventricular fibrillation induced by 
faracfic stimulation (Lindner and Katz (21), W^gria and Nickerson (22)). Our 
own observations with papaverine resemble those with nitroglycerine, as far as 
the counteraction against adreno-sympathetic cardiac acceleration is concerned, 
but there seems to be a difference in the mechanism of action in that papaverine 
interfered to a much higher degree than nitroglycerine with the myocardial accu- 
mulation of epinephrine-like material after both epinephrine-injection and faradic 
stimulation of the stellate ganglia. Also the time of survival after injection of 
large, fatal doses of epinephrine in rats was markedly prolonged by papaverine 
in contrast to nitroglycerine (see table 13). Prevention of epinephrine-induced 
pulmonary edema through papaverine has been reported by Luisada (24). 

The “adrenolytic” efficacy of priscol (benzylimidazoline) in protecting the 
heart of the rat against otherwise fatal doses of epinephrine has been described in 
an earlier paper (Raab and Humphreys (3b)) where also the literature concerning 
the cardiac effects of this drug is discussed. The strongly heart-retarding effect 
of priscol during faradic stimulation of the cardiac accelerator nerves (stellate 
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A reduction of blood hemoglobin in rats receiving 50 ppm. of fluorine as sodium 
fluoride in their drinking water was observed recently in stuches by Ginn and Vol- 
ker{l). On the 30th, 44th, 65th and 86th days of fluorine exposure in that e.\'peri- 
ment, the average hemoglobin results for 18 rats were respectively as follows: 
15,2, 14.7, 11.6 and 11.1 grams per 100 cc. Control rats maintained a level of 
15.8 grams of hemoglobin per 100 cc. In a previous study with rabbits, Valjavec 
(2) injected a 1.0% solution of sodium fluoride intravenously daily over a period 
of 105 to 159 days so as to provide 10 to 30 mgm. fluorine per kgm. body weight 
daily. There appeared to be only a slight reduction in hemoglobin and red cell 
counts in these animals. Greenwood, Hewitt and Nelson (3), hoAvever, found 
no change in the hemoglobin and blood coagulation time resulting from sodium 
fluoride fed in milk to young dogs. Quantities of fluorine varied from 0.45 to 
4.52 mgm. per kgm. body w'eight daily, determinations on the blood being made 
every two W’eeks over a period of 18 weeks. 

Blood examinations in human cases exposed to the fluorine-mineral cryolite, 
W'ere made by Roholm (4). Among 66 workers in cryolite factories, Roholm 
observed a slight reduction in the number of erythrocytes but hemoglobin values 
■were unaffected. There rvere minor variations from the normal in the data for 
differential counts. Coagulation time was tested also, all such data being con- 
sidered “within the normal boundaries” (4). In the majority of these workers 
some osteosclerosis due to fluorine was reported, indicating a relatively excessive 
fluorine exposure. 

The uncertainties surrounding the relation of fluoride ingestion to blood 
hemoglobin and particularly the recent hemoglobin results of Ginn and Volker (1) 
suggested the accumulation of the data as reported in Tables I and II. Six 
studies of control and test rats included three strains of this species, four diets, 
several different periods of exposure and two levels of fluorine exposure. (See 
Table I.) With the exception of Experiment 6 these blood studies were one 
phase of other experiments planned to study fluorosis or rat dental caries. In 
Experiment 6 the rats received a Hoppert-Webber-Canniff diet (5) as modified by 
Ginn and Volker (1), i.e. Comet brand brown rice replaced the coarse com meal 
in that diet. The composition of the diets in all six experiments is shown in 
Table III. With the e.xception of Experiment 4 (Table I), fluorine exposure con- 
sisted of 50 ppm. fluorine as sodium fluoride in the drinkingw'ater. Theexcessive 
fluorine content of diet 630 (Exp. 4) was due to 1.0% rock phosphate w'hich con- 
tained appro-ximately 3.6% fluorine. 

Blood determinations were made on specified dates in Experiments 5 and 6 
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or striated appearance in rats’ incisors and frequently causes excessive incisor- 
elongation. In general, this fluorine exposure in rats is regarded as corresponding 
roughly to 5 ppm. fluorine in domestic water supplies, a fluorine exposure to 
which human population groups may be subjected (8). 

While a fluorine anemia may occur as in Ginn and Volker’s study, this effect 
presumably is associated with unspecified or unknown factors not duplicated in 
our studies. The possibility that a mar^nal nutritional iron deficiency would 
influence these results was to be considered. Diet 510, in Experiment 5, however, 
contained only 15 ppm. of iron and no detrimental effects of fluorine appear in 
the data for this experiment. In Experiments 2 and 3, it ma 5 ’ be noted also, the 
rats were on experiment as long as one jmar. It is doubtful that a fluorine anemia 

TABLE III 


Percentage composition of diets 



DIET NO 

sso* 

530 

531 

510 

516 

Corn meal 






69 0 



Corn starch 

6S 5 

— 

64 0 

— 

— 

Corn flour 

; — 

62 5 


— 

-- 

Brown rico (Comet brand) 




_ 

60 0 

Whole milk powder. 

25 0 

30 0 

30 0 

30.0 

30 0 

Yeast 

5 0 

3 0 

3 0 



1 

Salt 

0 5 

1 0 

1 0 

1 0 

1 0 

Cod liver oil 

1 0 

2 0 

2 0 





Linseed meal 







! 

6 0 

Alfalfa meal 



— 





3 0 

CaCO, 



0 5 







Rock-phosphate 

0 

1 0 


— 

— 


* Had added 100 ppm Fe and 10 ppm Cu 


should be anticipated under a variety of conditions such as were employed in our 
experiments. 


SUMMARY 

The relation of fluorine exposure to blood hemoglobin and hematocrit values in 
rats was studied in several strains of the species, using several diets and for differ- 
ent experimental periods. There were no differences between control and test 
animals to indicate any effect of fluorine on hemoglobin and hematocrit values for 
these rats’ blood. It does not appear, according to these results, that 50 ppm, 
fluorine in the drinking water affects the hemoglobin concentration and total red 
cell volume in the blood of this species. 
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(see Table II) and at the termination of Experiments 1, 2, 3, and 4 (Table I). 
Hemoglobin was determined by the method of Evelyn (6). Hematocrit values 
were obtained according to Van Allen (7). 

TABLE I 

Hemoghbin and hematocrit determinations for rats given fluoride in food or drinking water 


EXPEBntENT 



1 1 


2 i 

1 

3 

1 • 

1 ' 

1 ^ 

S 1 

1 ' 

5 

i 

i 

Strain of rata 


N.I.H. 

1 Duke U. 

j Sberman 

( N.IH. 

1 N.I.H. 

1 N.I.H. 

Number of rats. . .j 
Days on experiment 

7 

15 

5 

1 

10 

8 

5 

10 

12 

18 

18 

23 

23 

(days) 

Fluorine added to | 

120 

1 

120 

365 

365 

365 

365 

135 

135 

1 

86 

86 , 

1 

86 1 

i 

86 

water (ppm.) 

Fluorine added to | 

1 

50 * 

— 

SO 1 

— 

50 

— 

1 

1 

i 

so 

i 

50 

food (ppm.) .. 



— 

— 

— , 

IBl 

— 

MiliM 


— 

— 

— 

Diet no. ... 

550 

550 

550 

550 

550 


531 

530 

510 

510 

516 

516 

Iron in diet (ppm.) 

118 

118 

118 

118 

1 

118 

m 

9 

170 

15 

1 

15 

35 

35 

Hemoglobin (gm. per i 

100 ml.) 

Hematocrit (volume 

15.1 

15.4 


t 

14.7 

14.8 

14.4 

15.0 

t 

15.1 

14.5 

! 

14.9 

1 

13.2 



— per cent) . . 

46.1 

44.9 

44. 0| 

44.7 

44.3 

45.6 

44.5 

44.4 

33.6 

33.7 

40.0 

m 


• During the last 60 days, 100 ppm. of fluorine was added to the drinking water. 


TABLE II 


Periodic hemoglobin and hematocrit determinations for control rats vs. rats receiving BO ppm. 

fluorine in drinking water 


BIOOD AKALYSIS 

EXJXSIUENT 5* 

EXPERIMENT 6t 

No of 1 
rats 1 

1 Hemoglobtnt 

Hematocrits ^ 

No. of 
rats 

1 Hemoglobin 

Hematocrit 

Control 

Fluonde 

Control 

Fluoride 

Control 



Fluoride 

1st (30th day) 

18 

12.1 

12.0 

38.4 

38.9 

24 

BB 

11.1 1 

39.6 

39.8 

2nd (44th day) . . 

18 




— 

24 

EB 

BB 

42.3 

41.5 

3rd (6Sth day). . 

18 




42.3 

22 

iia 

BB 

40.7 

42.1 

4th (S6th day). . . . 

18 

Bb 



33.7 

23 

13.2 1 

HI 

40.0 

40.4 


* Diet 510 was fed in this experiment, 
t Diet 516 was fed in this e.xperiment. 
t Grams per 100 cc. blood. 

§ A'olume per cent. 

Inspection of the hemoglobin and hematocrit values in Tables I and II reveals 
no relation of these data to the fluoride exposures. It may be noted that 50 ppm. 
fluorine in rats’ drinking water is sufficient to cause a very noticeable bleaching 
















































EFFECT OF ANTIHISTAMINE DRUGS ON INCREASED CAPILLARY 
PERilEABILITY FOLLOWING INTRADERMAL INJECTIONS OF 
HISTAAIINE, HORSE SERUM AND OTHER AGENTS IN RABBITS^ 

MUUIELU LAST AND EARL R LOEW 

From the Department of Pharmacology and Experimental Therapeutics, University of Illinois 

College of Medicine, Chicago 13, Illinois 

Received for publication October 9, 1916 

Some data and observations suggest that histamine may play a lather funda- 
mental role in the local flare and wheal formation due to mechanical injurj' oi to 
introduction into the skin of vanous chemical and biological substances, including 
antigenic agents (1-6) The slow’ pi ogress in accumulating evidence to elucidate 
the role of histamine in wheat formation of allergic and non-allergic origin is un- 
doubtedly due to the limitations of available chemical and biological methods for 
the accurate measurement of the minute amounts of histamine which are capable 
of pioducmg physiological or pharmacological responses The recent discovery 
of benzhydryl ethers (8-10) and a-aminopyndmc derivatives (11-13) which 
exhibit some specificity as histamine antagonists indicates their use in diminish- 
ing or annulling responses to histamine, thus making it possible to differentiate 
between reactions due to histamine and those due to other causes 
The investigation reported here was undertaken to determine whether the 
administration of BenadiyF to rabbits would prevent the increased capillary 
permeability which follows mtiadeimal injections of histamine and other sub- 
stances, both antigenic and non-antigenic, some of which have been reported to 
liberate histamine (4-6) The expenmental findings are especially significant 
m % lew of the effectiveness of Benadrjd m the treatment of hay fever, urticana 
and dermatoses (7) wherein vascular reactions to histamine may be mvolved 
Some comparative studies were also made with N-p-metho\ybenzyl-N-dimethyl- 
ammoethyl a-aminopyridine phosphate (Neoantergan or 2786 R P )’ which was 
leceived dunng the course of our expenments Both drugs aie effective in alle- 
Matmg bronchospasm occuinng during anaphylactic and histamine shock in 
guinea pigs (8, 9, 11, 14) and will diminish or prevent the spasm ofintestmal 
smooth muscle following administration of histamine (10, 11, 15) These drags 
also dimmish the hjpotensive action of injected or liberated histamine in dogs 
(10, 11, 15, 16, 37) Neoantergan and Benadryl exert similar antihistamine 
actions, but the lormei possesses only a very weak anti-acetylcholine or atropme- 
likc action (11, 15) and e\en stimulates the uterus and intestine Neoantergan 

‘ This inipsligtuion wns suppoited, in part, by a grant from ParKc, Dans and Company, 
Detroit Michigan 

* S Dimcthi,lannnocthjl benzhydryl ether hydrochloride was supplied through the 
courtesy of Parke Dans and Company 

“We arc indebted to Dr Daniel Bovet, Laboratoiie de Chinne Therapeutique, Institut 
Pasteur, 36 Hue de Docteur Roun, Pans, France, for a supply of Neoantergan which made 
possible our studies with this drug 
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hydrochloric acid or sodium h 3 'droxide. Tests with saline were negative in all 
instances. 

2. Histamine diphosphate. Concentrations of histamine* as low as 0,001 
mgm./cc. produced positive trypan blue reactions in untreated animals. The 
halo staining pattern represented b\' a d — [- + or d — }- d- d- reaction was character- 
istic of the higher concentrations of histamine. The pale, central area of the site 
was apparentlj' due to a local vasoconstriction or stasis which prevented the 
circulation of dye into the area. Almost without exception, Benadrrd and 
Xeoantergan completelj' blocked histamine in concentrations of 0.1 mgm./cc. or 
less. There was a signiBcant diminution in responses to O.o mgm./cc. of hista- 
mine in animals treated with 10 mgm./kgm. of Benadrjd and 5 mgm./kgm. of 
Xeoantergan. Although the P value for the 5 mgm./kgm. dose of Benadrjd did 
not indicate a significant difference in reactions to 0,5 mgm./cc. of histamine, 
tests in the treated animals were qualitative!}' less than those in the untreated. 
This was also true of the responses to a 1 mgm./cc. concentration of histamine 
since there was an almost complete absence of d-d--f d- responses in animals 
treated with either of the antihistamine drugs. 

The results indicated that there was a threshold concentration of histamine 
(0.3 mgm./cc.) which could usually be completely inhibited by Benadrjd or 
Xeoantergan, whereas with higher concentrations of histamine the effect on 
capillarj' permeability could not be completely blocked. Therefore, in order to 
enhance the possibilitj' of blocking the effect of liberated histamine, all intrader- 
mal agents were used in the lowest concentrations necessarj' to produce positive 
trj'pan blue reactions in the untreated rabbit. These minimal effective concen- 
trations were determined appro.ximatel}’ for each agent. 

3. Substances imovm to cause liberation of histamine from tissues. Tiypsin® 
(crystalline, containing 53 per cent MgSO«), snake venom', and staphjdococcus 
tojun, like histaimne, have been shown to give positive trypan blue tests when 
injected intradermally (5). These agents were of interest since the release of 
histamine from fixed tissue, which occurs during anaphj'lactic reactions, has also 
been demonstrated for snake venom, trypsin (19-24), and staphylococcus toxin 
(25) reactions. Control tests were also made with magnesium sulfate in concen- 
trations equal to 55 per cent of the trypsin concentrations employed since the 
latter contained that percentage of the salt. It is obrdous from both the qualita- 
tive data and the P values that the histamine antagonists did not prevent or 
lessen the trypan blue responses to trypsin, snake venom, and staphjdococcus 
to.xin (Burky strain Ha). Magnesium sulfate gave entirely negative results in 
both treated and untreated groups. 

Of the substances tested only snake venom induced anj' delaj'ed effects. 
Hemorrhage was regularly observed after 24 hours at sites injected with venom 

* Coneentratjons given in terms of hjstatnine diphosphate 

» Wc are indebted to Dr. Gertrude Rodney, Parke, Datis and Co.-npany, for the crystal- 
line tryp’in employed. 

' Crystalline venom of Crotalus adamantcus was obtained from Ross Allen's Reptile 
Institute. Silver Springs, Florida. 



82 


JIURIEL R. LAST AXD EARL R. LOE^V 


is definitely more potent than Benadrjd ivith respect to antagonism of the 
bronchospastic action of administered histamine in guinea pigs, but there is not 
a wide difference in potencj' with respect to their abilitj- to diminish the de- 
pressor effects of histamine in dogs (15). A few obseiwatrons (17) suggest that 
Xeoantergan diminishes the increased capillary permeabihty which follows intra- 
dermal injection of histamine in the dog. 

Experimental The trypan blue test which is based on the rapid infiltration of in- 
travenously injected trypan blue dye into areas of increased capillary permeability (4-6) 
was used to measure sVin reactions Abdominal skin areas of adult albino rabbits were 
depilated 12-24 hours prior to the test by means of a thin paste made by adding water to a 
1.1 mixture of barium sulfide (C P ) and gum acacia powder .Animals tested weredinded 
into two groups, one being injected with an antihistamine drug whereas the other served 
as an untreated control group Benadryl was used in doses of 10 mgm /kgm. and 5 mgm / 
kgm , Neoantergan was used in a 5 mgm /kgm dose These doses represent, respectively, 
one-half, one-fourth, and one-fourth the subcutaneous dose of these drugs wdiich produces 
toNic symptoms in the rabbit The antihistamine drug used was always administered 
subcutaneously 30 minutes before the test agents were injected intraderroally into the 
abdominal skin in volumes of 0 2 cc by means of a tuberculin sjTinge and #27 gauge skin- 
testing needle. Inj'ection sites were spaced approximately 6 ems apart and in order to 
control the possible influence of a skin site on the degree of dye infiltration, the injection 
site for each test substance and saline control was varied in a systematic manner from 
animal to animal Immediately following completion of the intradermal inj'eetions, 10 
oc of a 1 per cent trypan blue solution were injected intiavenouslv into the marginal ear 
vein Readings of the trjpan blue reactions were made 15, 30, 45, 60, and 120 minutes 
following the intradermal injections Observations wore also made 24 hours later for pos- 
sible dclajed effects, e g hemorrhage, hjperemia, and necrosis 

Results. The prevention or diminution of a positive trypan blue reaction 
by Benadiyl or Neoantergan was used as the cuteuon for demonstrating that 
histamine w as responsible for the increased capillary permeability to intradermal 
agents shown by the untreated animals Trj-pan blue responses were graded 
qualitatively as repiesented in the legend of table 1. The increased capillarj' 
permeabihty w-as measured in the unsensitized animals by the intensity of the 
staining at the 30 minute reading since dye infiltration was found to have 
reached a maximum at this time. The GO minute reading was found to be more 
satisfactory for evaluating tests on sensitized ammals In addition, the Chi 
Square test was applied and P values were calculated in all cases to determine 
whether the differences in trypan blue tests between drug-treated and untreated 
control groups were statistically significant For the purpose of this calculation, 
all positive reactions w ith a given concentration of test agent were grouped to- 
gether regardless of qualitatii'e differences. Since the number of experiments 
was small, the Yale’s correction of the Chi Square formula was applied (18). 

A. Tests i.v nox-se.xsitized aa'imals (table 1). 1 Saline controls. Saline 

was used as a solvent for all agents, pH determinations made on the solutions 
used by means of a Coleman pH meter jdelded values ranging from pH 3.5 to pH 
7.5 In order to make certain that the alkalinity oi acidity of a solution was not 
a factor in altering capillar)- permeability intradermal control injections were 
made with salme adjusted to pH values of 3 5, 5.1, 7 0, and 8.7, by addition of 





TABLE I 

Tryjmn blue responses in normal rabbits 



Iloparln 10,0 
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the treated group. Such positive trypan blue tests were definitely less marked 
than those wluch followed similar injections in the sensitized rabbits. 

In sensitized animals, Benadiyd failed to induce either qualitative or quantita- 
tive differences in reactions to horse serum in dilutions of 1 1 1000 or less. With 
a dilution of 1:5000, the increase in number of negative responses in treated 
animals suggested that Benadryl was effective although the P value of 0.07 is not 
indicative of a significant effect. At higher dilutions, the incidence of reactions 
was low in both treated and untreated groups. This would suggest that at these 
dilutions the antigen itself was too weak to cause an appreciable response. An 

TABLE 2 

Trypan blue responses to horse serum in rabbits 

tmnxAirof ’iS.’ (tO koj£,/mm.) PJ 

UXIS 

A, Non-sensitized animals* 

Horse serum j ® 1 9 I 3;++ 4:+ 2:0 10 10 1:++ 5:+ 1:0? 3:0 0.74 

undiluted 111 I 


DiTIABEUCM. NO. or 

TEST AGENT i TESTS 


B. Sensitized animals* 


Saline, 0.9% 
Horse sertun 
undiluted 
1:10 

1:100 

1:1000 

1:5000 

1:10,000 

1:100,000 



9:0 

3:+4-l-+ 6:++ 

2 :++++ 6 :++ 

1 :+ 

8 :++ 

8:++ l:+ i 

6 ;++ 2 :+ 1 : 0 ? 8:0 
3:++ 3;+ 1:0? 10:0 
3:+ 12:0 



10:0 

3:++++ 2:+++ 
4:++ 1:0 
l:++++ 2:4-++ 
6 :++ 1:0 
8 :++ 2 :+ 

6:++ 3:+ 1:0 
2:++ 1:0? 13:0 
1:++ l:+ 15:0 
l:+ 16:0 



* Tabulated results are based on the staining at the 60-minute reading, and recorded 
as 0 to ++++ reactions as indicated by legend in table 1. 

t Numerical values indicate number of experiments giving the response indicated. 
t P values must be less than 0.05 for differences to be significant. 


analysis of the data relating to all dilutions (84 tests in control animnlH and 90 
tests in treated animals) revealed a significant increase of 16.6 per cent in the inci- 
dence of negative responses in the treated rabbits. The increased incidence of 
negative responses was almost entirely accounted for by a decrease in the number 
of ++ responses. There is some tmcertainty as to whether Benadryl has a 
major effect on trypan blue responses since the differences noted were for the most 
part restricted to the one dilution of antigen (1:5000). 

The wheals in sensitized animals formed by the intradermal injection of undi- 
luted horse serum or that diluted 1:10 contrasted markedly in appearance at the 
end of an hour with those formed by the injection of any agents studied in the 
normal rabbits. The injection sites in the sensitized animals showed definite 
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in concentrations of 0.002 mgm./cc. and greater, although necrosis was never 
noted. Trypsin was used in doses as high as 1 mgm./cc., but dela3'ed hemor- 
rhage, edema, or necrosis-never occurred. 

4. Tetracaine and codeine. Tetracaine and codeine (26) were used in view of 
their wheal-producing activity in human skin, and produced positive trj'pan blue 
reactions. There were no significant differences between the results in treated 
and untreated animals. 

5. Heparin’ and insulin’^. These were included as agents having no histamine- 
liberating capacitj'- (5) . Although some positive trypan blue responses to heparin 
Avere observed, these were comparable in the treated and imtreated animals. 
Insulin resulted in essentially negative tests in both groups of animals. 

6. Acetyl-P-methylcholine {Mecholyl). Since injected acetylcholine failed to 
increase capillaiy permeability (5) it is doubtful whether choline esters liberated 
from tissues account for positive trypan blue reactions. Nevertheless, it seemed 
desirable to extend the observ'ations by employing Mecholyl, a choline ester more 
stable than acetylcholine. In view of the prolonged vasodilating action of 
Mecholyl, negative trypan blue tests rvith this agent would make possible the 
conclusion that marked vasodilatation does not in itself cause an increase in 
capillary permeability in localized skin areas imder these experimental con- 
ditions. 

With the exception of two responses in the same animal, Mecholyl did not 
cause trypan blue reactions even in concentrations as high as 10 mgm./cc. and 
5 mgm./cc. 

None of the agents in the concentrations used in this stud^' caused “true" 
wheal formation in either treated or untreated rabbits, for there %vas no increase 
in size of the original bleb formed by the intradermal injection of 0.2 ce. of test 
substance. On the contrary, the original bleb tended to disappear an hour after 
injection or sooner, leaving the site demarcated by the spot of dye. The failure 
of rabbits to exhibit marked skin whealing (27) does not necessarily depreciate 
the value of observations relating specifically to alterations in capillary permea- 
bility in this species as measured by the dye method. 

B. Tests in sensitized animals (table 2). Adult albino rabbits were sensi- 
tized bj' the subcutaneous injection at six day inter\mls of 0.5 cc. of horse serum’. 
The appearance of a positive Arthus reaction was used as an index of sensitivit}'. 
The sensitized animals were then divided into Benadryl-treated and untreated 
groups and were skin-tested with various dilutions of horse serum. Skin tests 
were also made with undiluted horse serum in normal rabbits in order to control 
the possible diminution bj' Benadryl of any permeability effects due to the horse 
serum itself. 

Some non-sensitized animals showed increases in capillar)'^ permeability follow- 
ing injections of undiluted horse serum, which were not modified by Benadryl in 

’ Heparin, 110 units permgm., Connaught Laboratories, Toronton, Canada. 

* Iletin Insulin, Lilly, SO units per cc. 

* Normal horse serum containing 0.4 per cent purified crcsols as preservative, supplied 
by Parke, Davis and Company. 
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involved in some minor way in these responses. No definite conclusions can be 
dranm regarding such a minor role for histamine since any diminution in the effect 
of a very small amount of histamine might not be apparent in the overall reaction. 
If, however, liberated histamine were one of several important additive factors 
responsible for a positive trypan blue test in the imtreated animals, a diminished 
reaction might be expected in the treated animal. Our data indicate that such 
was not the case. The exact mechanism by which the intradermal test sub- 
stances exert their action on capillaries, whether directly or Lndirectl 3 >- through 
the release of a permeability factor other than histamine, is at present a matter of 
speculation. It is very unlikely that choline or a choline ester causes any appre- 
ciable localized change in capillary permeability since Mecholyl failed to induce 
positive trypan blue reactions. The same is true of acetylcholine (5), and 
atropine does not alter the cutaneous wheal and flare induced with allergens in 
human subjects (36). 

Benadryl has been shown to reduce the severity of anaphylactic shock in dogs 
(37) and in guinea pigs (9, 14). These observations lend further support to the 
h3T)othesis that histamine is an important etiologic factor in the s 3 miptomatology 
of anaphylaids. In the present study with sensitized rabbits the trypan blue 
response constituted the indicator of increased capillary permeability referable 
to the antigen-antibody reaction localized in the sl^. Benadryl failed to elimi- 
nate the increased capillary permeability due to horse serum and failed to 
dimimsh such responses, except possibly noth one dilution of serum (table 2, 
1:5000). Therefore, the data do not provide an 3 ’' substantial support for the 
hypothesis that histamine is a major cause of the increased capillary permeabil- 
ity which accompanies the antigen-antibody reaction in the skin of rabbits 
sensitized to horse serum. 

It is possible that the apparent ineffectiveness of Benadryl in diminishing the 
reactions to lower dilutions of horse serum might have been due to the fact that 
(a) the histamine liberated by the injection of larger quantities of antigen was 
greater than the threshold concentration of histamine, viz. 0.5 mgm./cc. against 
which a 10 mgm./kgm. dose of Benadryl is effective, or (b) histamine was only 
one of several causative factors and that suggestive evidence of a decrease in its 
activity becomes apparent only after dilution of the antigen had limited the 
effects of the other factor(s) involved. It is extremely unlikely that histamine is 
the sole factor responsible for the skin reaction to antigen since the intradermal 
injection of histamine in normal rabbits does not duplicate the cutaneous reac- 
tion shown by the sensitized animals. The hemorrhage associated with the 
intradermal injection of antigen in the sensitized animal seems indicative of a 
more marked effect on capillary perraeabilit 3 ’' than can be accounted for by the 
action of histamine alone even in high concentration. 

On the other hand, the data concerning the effect of Benadryl on trypan blue 
responses in sensitized rabbits does not exclude the possibility that histamine is 
involved. The method may have been inadequate to demonstrate the partici- 
pation of histamine in the local antigen-antibod 3 ' reaction, although the method 
was adequate to reveal significant differences in trypan blue responses ndth 
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edema with a two- to three-fold increase in size of the original wheal, whereas the 
sites in normal animals were characterized by the disappearance of the original 
intracutaneous bleb of fluid. Furthermore, six hours after injection, the sensi- 
tized animals in almost all instances showed marked hemorrhage at sites injected 
with imdiluted horse serum and at those injected with a 1 : 10 dilution of horse 
serum. At the end of 48 hours, aU sensitized animals showed a positive Arthus 
reaction to the undiluted horse serum, and many showed such a response to the 
1 : 10 dilution. 

Discussion. The fact that both Benadrjd and Neoantergan annulled or 
diminished, the trj^ian blue responses to intradermal injections of histamine in 
rabbits indicates that these antihistamine drugs prevent the increased capillary 
permeability due to histamine. A few observations recently made under similar 
experimental conditions reveal that Neoantergan (17) and Pyribenzamine (13, 
28) have the same action in rabbits and dogs, respectively. Therefore, it seems 
justifiable to use these histamine antagonists as research tools for determining 
whether various substances increase capillary permeability by liberating hista- 
mine. Antihistamine drugs have also been reported to diminish the wheal and 
flare in human skin following introduction of histamine (29-33) although ex- 
travasation of dye was not used as a measure of increased capillary permeability 
in these e.xperiments. Inconsistent results (29, 34) were probably referable to 
differences in potency and dosage of antihistamine drugs and to route and time of 
administration prior to skin-testing. Doses administered one or more days 
previous to the tests may not influence results since antihistamine drugs probably 
act only for several hours. 

Recent evidence (24, 38) opposes the theoiy that trjTDsin toxicity is solely refer- 
able to histamine release (22). In the present experiments, the failure of both 
Benadryl and Neoantergan to diminish the tiypan blue reactions to intradermally 
injected trypsin is further evidence against the view that the responses to 
trypsin are mediated by histamine. All of this evidence concerns pancreatic 
tiypsin and does not exclude the possibility that some specific enzyme may be 
concerned wth release of histamine in allergic and inflammatory conditions. 

It has been postulated that liberation and action of histamine accounts for 
certain reactions to snake venom (19, 22, 23) and staphylococcus toxin (25), 
including the positive tiypan blue response to intradermal injections of these 
substances (5). The release of histamine from tissues exposed to venom and 
staphylococcus toxin has been cited in support of this idea (19, 20, 22). An anti- 
histamine drug, Antergan, has been reported to diminish the cutaneous reactions 
to venom (Viper Daboia) in human subjects (35). However, the ineffectiveness 
of Benadryl in preventing the trypan blue responses to these substances argues 
against the view (5) that such increases in capillary permeability are due to 
liberated histamine. 

It may be concluded from the data presented that histamine is not a major 
factor in causing increased capillary permeability in unsensitized rabbits follow- 
ing intradermal injections of tiypsin, snake venom, staphylococcus toxin, tetra- 
caine and codeine. The question then arises as to whether or not histamine is 
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graded doses of histaroine and the effects of antihistamine drugs thereon. Since 
imdiluted horse serum sometimes produced trj’pan blue responses in non-sensi- 
tized rabbits which were imaffected by treatment with Benadiyl, there exists the 
possibility that the response in sensitized rabbits to serum, even though diluted, 
was partially due to a factor unrelated to an antigen-antibody reaction. 

STEUMAEY AND CONCLUSIONS 

1. As shown by the trypan blue test in the rabbit, Benadryl and Neoantergan 
prevent or diminish the action of injected histamine in increasing capillary 
permeability. 

2. In contrast to results with histamine, appropriate concentrations of intra- 
dermatly injected horse serum, trypsin, snake venom, staphylococcus toxin, 
tetracaine, codeine, and heparin cause positive trypan blue reactions which are 
not modified by Benadryl. Therefore, liberated histamine is not a major 
causative factor in such instances of increased capillary permeability. 

3. Trypan blue responses induced in sensitized rabbits by intracutaneous 
injections of horse serum were not sufficiently altered by Benadryl to prowde 
substantial support for the hypothesis that histamine plays a prominent role 
in the increased capUiaiy permeability which accompanies the antigen-antibody 
reaction. The involvement of histamine was not excluded. 

4. Marked differences exist between the cutaneous reaction to histamine in 
non-sensitized rabbits and that to horse serum in sensitized rabbits. 
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reason that we assayed the amphetamine-like substance excreted by our subjects 
during the periods when they received placebos. These values were assumed to 
represent the basal output of “amine” for each subject and are presented along 

TABLE I 


Output of unknoum amine during control periods 


SUBJECT NO. 

AV. DAILY AMINE OOIPUT 

STANDARD DEVIATIOK 

1 

mgm. 

3.9 

±3.14 

2 

2.84 

±1.39 

3 

2.23 

±1.61 

4 

2.05 

±1.37 

5 

2.53 

±1.43 

6 

2.77 

±2.00 

7 

2.53 

±1.61 

8 

2.12 

±1.25 

9 

2.44 

±1.72 

10 

2.97 

±1.28 


TABLE II 


Urinary excretion 0 / administered amphetamine, in per cent 


SUfiJ. 

DAaV 




WEEK 





1 

2 

3 

4 

5 

6 

7 

a 

1 

30 mg. 

49.5 

47.6 

62.3 

55.1 

41.0 

52.4 

50.7 

40.1 

2 

dl 

44.3 

48.2 

53.9 

53.9 

51.8 

54.8 

50.1 

52.6 

3 


27.8 

38.3 

39.4 

40.6 

44.6 

44.9 

44.9 

34.6 

4 


37.3 

35.0 

31.8 

33.5 

43.3 

43.3 

37.8 

43.0 

5 


1 44.4 

44.8 

55.8 

50.7 

52.2 

52.2 

j 52.2 

43.3 

Mean. . 

. 

dl 

40. G 

42.8 1 

48.6 

46.8 

46.6 

49.5 

47.1 

42.7 

6* 

7 

15 mg. 
d 

50.0 


46.9 

44.8 

40.1 

47.2 

49.0 

48.5 

8 


44.4 


49.0 

48.0 

49.0 

51.6 

55.8 

45.2 

9 


33.2 

44.4 

40.6 

37.6 

38.4 

37.3 

43.4 

45.5 



5S.0 

59.6 

52.7 

47.2 

44.0 

52.2 

59.8 

37.9 

Mean , . , 


46.4 

52.1 

47.3 

44.4 

42.9 

49.1 

52.0 

44.3 

Mean, group ... 

■ I 43.2 

46.9 

48.0 

45.7 

44.9 

48.4 

49.3 

43.4 


• The record of subject 6 has been omitted because he was ill and off medication during 
the fourth and fifth weeks of the treatment period. 


tvith their standard deviations in Table I. Even with a constant diet, the e.x- 
crotion of the unknown “amine”, though of lotv magnitude, was quite variable. 
It was also apparent in the daily records that the random fluctuations in the 
"amine” output occurred independently in the different subjects. 
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INTRODUCTION ' 

Certain information about the metabolism of amphetamine in the body has 
prompted this study. Beyer and Skinner (1), studying 15 human subjects found 
that slightly less than 50 per cent of a 20 or 30 mgm. dose was excreted in the 
urine within 48 hours. They also reported that in general, the amount of the 
drug excreted varied wth the corresponding urine volume. Jacobsen and Gad 
(2), studying 4 human subjects and using doses of 20 mgm., found the drug to 
be excreted in the urine as long as 3 days after a single administration and 
during this period recovered 20-50 per cent of the administered quantity. 
Richter (3), using an unstated number of subjects and doses of 20 mgm., 
reported that 70 per cent was excreted in the urine in 48 hours. 

The liver apparently changes the drug to some unknorvn compound. This 
has been demonstrated by the results of Beyer and Skinner (1) and of Jacobsen 
and Gad (2). The former recovered almost all of a dose of the drug in the urine 
of dogs with experimentally produced hepatic damage. The latter found a 
significant loss of the drug when it was perfused through the liver of a rabbit and 
a marked increase in its urinary excretion by hepatectomized rabbits. Accord- 
ing to Beyer (4) the administration of ascorbic acid in conjunction with the drug 
decreases the urinary excretion of the drug. 

Beyer indicates that after 3 or 4 days of administration in dogs, the urinary 
output of the drug becomes relatively constant and his data show this to persist 
for a period of 20 days when the daily dose (10 mgm.) is kept constant. Jacobsen 
and Gad (2) gave 5 mgm. of amphetamine to one subject daily for 30 days and 
found the urinary output to remain constant. 

The present experiments were undertaken not only to confirm the findings of 
Jacobsen and Gad but to extend them to include a larger series and to employ 
more commonly used quantities of the drug. It was expected that changes in 
the metabolism of the drug, if they occurred, might be related to the development 
of tolerance, or of undesirable side effects of amphetamine. 

Experisiental results. The control '‘amine" excretion. During preliminary 
studies we learned that none of the tests described in the literature were specific 
for amphetamine. Almost every urine assayed from subjects who had never 
taken amphetamine gave positive values for “amine” content, some equivalent 
to as much as 5 mgm. of amphetamine, Jacobsen and Gad (2) had the same 
experience but minimized and made fairly constant the excretion of this unknown 
“amine or amines” by a diet e.xclusively of bread and butter. It was for this 

» Aided in part by a grant from the Smith, Kline and French Laboratories. 
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TABLE HI 


Blood levels oj ascorbic acid 


SCBJ. 

CONTROL* 

2 OAVS B 

' 16 DAYS 2} 


tfiftn. % 

fngm. % 


1 

0.95 

1.0 


2 

^ 1.24,1.45 

1.23 


3 

1.12,0.98 

0.9 


4 

0.84,1.05 




0.55, 1.03 

0.93 

1 1.00 

6 

1.01, 1.27 

0.95 

1.41 

7 

0.87, 1.13 

1.13 

1.13 

8 

0.89 

1.04 

0.87 

9 

1.07, 1.47 

1.05 

1.10 

10 

0.94,0.86 

0.95 

0.87 

Average 

1.03 

1.02 

1.08 


* Two separate determinations made during tire control period, in eight of the subjects. 


summary 

The data reveal that when 30 mgm. of dl-amphetamine (Benzedrine) or 15 
mgm. of d-amphetamine (Dexedrine) were given daily to 10 human subjects for 
66 consecutive days, the daily urinary excretion of the drugs remained essen- 
tially constant. These results imply that the rate of catabolism of the drug 
(presumably by the liver) remained constant, and that the development of tol- 
erance cannot be attributed to progressive changes in drug destruction. 

Under the conditions of the experiment, there was no evidence of a diuretic 
effect of amphetamine and the excretion of the drug was independent of urinary 
volume. 

Although it has been reported that ascorbic acid will decrease the urinary ex- 
cretion of amphetamine by dogs, it was found that amphetamine did not reduce 
the blood level of ascorbic acid. 

Pbocedubb. Ten healthy male medical atudente served as subjects for this experiment. 
Each was of normal body weight. The subjects were fed three meals a day by a diet kitchen 
operated solely for this group. They were required to eat all the food served to them with- 
out exception or extramural addition. The menu was arranged to provide a constant daily 
caloric, mineral, ritamin, protein, fat and carbohydrate intake. Coffee was permitted but 
the quantity imbibed remained constant throughout the experiment as did the smoking 
habit of those who indulged. 

Buring the first two weeks no capsules were given. During the third and fourth weeks 
placebos were issued. Medication began the fifth week. Five subjects (do. 1 to 5) re- 
ceived 10 of dl-ampbetamine (Benzedrine) and five (no. 6 to 10) received 5 mgm. of 
-ampbetamine (Dexedrine) three times a day. This medication was given one hour before 
each meal and was continued for 66 consecutive days. The program was continued for two 
more weeks during which placebos were again given. All urine was collected and each 
^ ^ assayed for its total amphetamine content. 

The assay method for the determination of amphetamine in urine developed by Bever 
iV gave inconsistent results in our hands. 
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The excretion of amphetamine. The daily “amine” excretion by weeks for 
each subject, corrected by subtracting the average control output '(Table I) and 
expressing the remainder as percentage of the total intake is presented in Table 11. 
These data reveal two principal facts. First, that the daily urinaiy e.\xretion of 
the drug remained relatively constant over the entire eight week period, showing 
only random fluctuations. Second, that the average percentage recovery in the 
urine from the 30 mgm. daily dose of dl-amphetamine (45.6%) was practically 
the same as for the 15 mgm. daily dose of d-amphetamine (47.3%). 

Inasmuch as our data included both the daily urine volume and daily amine 
output for each subject, it was possible to investigate both the influence of the 
drug on urine output and the influence of the urine output on amphetamine ex- 
cretion. Figure 1 presents the average daily urine output by weeks and the 
average daily amphetamine output by weeks. 
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Fig. 1. Average Daily Urine (-) and Amine { ) Output 

BT Weeks 


The drug had little if any effect on urinary volume, for the average daily unne 
volume for the entire group during the premedication period was 1210 cc. and 
during medication 1227 cc. Furthermore fluctuation in daily urine volume was 
not related to fluctuation in drug excretion (fig. 1). 

Amphetamine administration and plasma vitamin C. Beyer (4) reported that 
ascorbic acid supplementation decreased the urinary e.\'cretion of amphetamine. 
On the basis of the possibility that the converse relationship might also e.xist we 
determined the ascorbic acid content of the blood of our subjects at various times 
during the experiment by the method of Roe and Kuether (7). It should be 
recalled that the vitamin C intake of our subjects remained constant during 
the entire e.xperiment. The results of determinations made before, 2 days, and 
16 days after the beginning of medication are presented in Table III. The failure 
of the medication to alter the ascorbic acid content of the blood under these 
circumstances is apparent. 
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Digitalis lias been observed to reduce the blood volume of normal subjects and 
patients with both compensated and uncompensated heart disease (1,2). The 
reduction in blood volume of patients rvith heart failure following digitalis ther- 
apy is readily understandable on the basis of improved cardiac action and lowered 
venous pressure. When the heart is normal, some other mechanism must be 
involved. Dock and Tainter (7) interpreted their studies on the reduction in 
cardiac output in dogs by digitalis as being due to a pooling of blood in the spleen 
and liver. They consider the liver especially important because of the constric- 
tor action of digitalis on the musculature of the portal veins. 

In an attempt to resolve some of the questions involving the peripheral action 
of digitalis, we have studied the effect of digitalis on the fluid distribution of the 
body as measured by the simultaneous determination of blood volume and thio- 
cyanate “space” in dogs. 

Methods and experimental procedures. Dogs weighing 10-15 kg. were maintained 
in an airconditioned room. Plasma volume was determined with T1824 and “extracellular 
fluid” with sodium thiocyanate (8) . The total amount of blood necessary for the above 
determinations and for a hematocrit (Van Allen) was less than 15 cc. 

Two groups of animals were used. In one group plasma volume and "extracellular 
fluid” were determined before and four or five hours after digitalization. In some experi- 
ments the changes in these fluid compartments were followed for several days after the 
administration of digitalis. These dogs were given no medication other than the digitalis. 

In the second group all the observations were made with the animal under light pento- 
barbital anesthesia. Control hematocrit, plasma volume, and thiocyanate “space” were 
determined, digitalis was administered, and about four hours later these observations were 
repeated. Anesthesia had no apparent effect on fluid distribution as far as could be deter- 
mined by control observations, which are recorded at the bottom of Table II. Light 
anesthesia does, however, prevent vomiting that occurs in most dogs following digitalis 
administration. 

The tincture of digitalis used contained one USP XII digitalis unit per cubic centimeter. 
The tincture dosage used was 0.3-0.6 cc. per kg. diluted with saline and injected intra- 
venously. Digalen injectable was used in some cases in a dosage of 0.6 cc. per kg. 

Results. The effect of digitalis on plasma volume and thiocyanate “space” 
of normal unanesthetized dogs is recorded in Table I. Table II summarizes the 
results obtained on animals anesthetized with pentobarbital. The results are 
essentially the same in the two groups of animals. After the administration of 
digitalis, there is a gradual rise in the hematocrit and at the end of several hours 
most animals show considerable hemoconcentration. At this time most animals 

' Aided by a grant from the Committee on Therapeutic Research of the American Medical 
Association. 
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Our method was the same as that of Jacobsen and Gad (2), except the distillation step 
was replaced by one in which interfering substances were adsorbed on MgO in a buffered 
medium, and the petroleum ether in which the color reaction was developed was dried with 
anhydrous sodium sulfate. This latter step is essential to consistent results as mere traces 
of water will give considerable color in the petroleum ether, chloroform, picric acid solution. 

Our procedure is as follows: (1) Measure the 24 hour urine sample to the nearest 5cc. 
(2) Place 25 cc. of urine in a 125 cc. glass-stoppered Erlenmeyer flask. (3) Add 25 co. of 
Mcllvaine’s solution (6) buffered to pH 6.4 and 100 mgm. of magnesium oxide. (4) Shake 
for 6 minutes in mechanical shaker. (5) Filter using Whatman’s H 1 paper. (6) Add 4 
cc. 10 per cent sodium hydroxide, mix thoroughly, and filter again. (7) Extract 40 cc. of 
this filtrate with two portions, 25 cc. each, of redistilled Skellsol “C” (Petroleum ether, 
B. P. 94°C.). (8). Pool these extracts and add 5 grams of anhydrous sodium sulfate pow- 
der. (9) Allow to stand overnight for the purpose of drying. (10) To 5 co. of the de- 
hyrated petrolemn ether extract add 5 cc. of dry picric acid in chloroform solution (1 mgm. 
percc.). (11) After 20 minutes read in the colorimeter (Coleman TJmversal Spectrophotom- 
eter) at a wave length of 420 nut against a blank which contains 5 cc. of water-free petro- 
leum ether and 5 co. of picric acid in chloroform solution. 

The Standard Curve for the amphetamine determination in urine was prepared as 
follows: 

Prepare a standard solution of amphetamine in water (0.01 mgm. per cc.). Make a 
series of 50 cc. volumetric flasks, containing 0, 0.4, 0.8, 1.2, 1.6, 2.0 mgm. of amphetamine. 
Make the volume of each flask up to 50 cc. with the buffered solution (pH 6.4). Add 100 
mgm. of MgO and proceed with step No. 4 as in the method described above. When the 
colorimeter readings are plotted against the concentrations on semi-logarithmic paper, the 
relationship is linear. 
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can be accounted for by the escape of fluid from the plasma; therefore this extra 
water must come from cells. 


TABLE 2 


Fluid distrihulion in anestheihed dogs before and afler digiialis 


DOGltO. 


rmociASKTZ 

**SrACE” 

91ASUA 

VOUTlffi 

SZ3UTO> 

cm 

%»BC 

ynfAgrs 


«./ , 

Ch&nse 

cc.y 

kgm. 

Qi&oge 




% 


% 



l-AP 

9:11 

280 


62 


39 

Control 


2:11 

344 

23 

46 

26 

62 

4 hr. after 0.6 cc./kgm. digitalis 

2-AI' 

10:13 

319 


57 


33 

Control 


6:40 

376 

18 

51 

11 

43 

6 hr. after 0.6 cc./kgm. digitalis 

S-AF 

9:30 

327 


75 


31 

Control 


3:12 

376 

15 

60 

20 

45 

6 hr. after 0.6 cc./kgm. digitalis 

6-AF 

9:30 

274 


65 


42 

Control 


3:30 

320 

17 

48 

13 

1 56 

6 hr. after 0.35 cc./kgm. digitalis 

1 

7-AF 

9:50 

370 


65 


25 

Control 


3:60 

398 

8 1 

60 

8 

29 

6 hr, after 0.6 cc./kgm. Bigalen 

8-AF 

9:15 

315 


63 


41 

Control 


3:30 

368 

17 

49 

22 

46 

6 hr. after 0.6 cc./kgm. Digalen 

9-AF 

9:01 

261 


59 


48 

Control 


3:43 

295 

13 

48 

19 

57 

6i hr. after 0.6 cc./kgm. Digalen 

lO-AF 

9:30 

344 


80 


22 

Control 


4:00 

402 

17 

69 

14 

28 

6i hr. after 0.6 cc./kgm. digitalis 

8-F 

9:40 

283 


61 


34 

Control 


3:40 

311 

10 

52 

15 

40 

6 hr. after 0.35 cc./kgm. ^gitaJis 


Conttol group 


1 


290 


60 


36 

1 Control 



283 


62 

1 

38 

After 7 hr. pentobarbital anesthesia 

2 


349 


70 


28 

Control 

j 


349 


70 

1 


27 

After 4 hr. pentoharbital anesthesia 

3 

10:30 

317 


66 


38 

Control 



326 


65 


36 

After 4 hr. pentobarbital anesthesia 


There is no evidence at the present time that these extracardiac effects are 
concerned in the therapeutic application of cardiac glucosides. 
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diow a significant reduction in plasma volume and an increase in “extracellular 
fluid’’ as measured by thiocyanate. These changes have been found to persist 
for 3 or 4 days following a single dose of digitalis. The maxiraum effect seems 
to occur within 4-8 hours; however, no attempt was made to measure majdmum 
changes. 

Discussion. Many studies (3, 4, 5, 6, 7) have demonstrated the cardiac 
output to be reduced by digitalis. Dock and Tainter (7) ascribe this action to a 
storage of blood in the abdominal viscera, particularly the liver and spleen. 

TABLE 1 


Fluid distribution in unaneslhetized dogs before and after digitalis 


DOC NO. 

DATS 

TBIOCYAKAIE '^SPACE" 

PtASUA VOLtniE 

KEUASXS 

cc./kgm. 







% 


% 


l-F 

4-26 

316 


62 


Control 


4-29 

340 

8 

44 

29 

4 hr. after 0.3 cc./kgm. tincture 







digitalis 

2-r 

6-5 

308 


64 


Control 


9-22 

318 


62 


Control 


9-23 

338 

8 

52 

17 

6 hr. after 0.3 cc./kgm. tincture 







digitalis 

3-F 

4-20 



72 


Control 


5-3 

270 


72 


Control 


6-8 

320 

19 

52 

28 

4 hr. after 0.3 cc./kgm. tincture 







digitalis 

4-F 

4-18 

320 


67 


Control 


4-24 

— 


67 


Control 


5-6 

355 

11 

63 

21 

4 hr. after 0.3 cc./kgm. tincture 







digitalis 


6-20 

328 


70 


Control 


6-21 

390 

19 

47 

33 

4 hr. after 0.6 cc.Agm. tincture 







digitalis 


Asidefrom this effect on the liver and spleen after digitalis, a rise in the hematocrit 
indicates that there is some loss of fluid from the vascular system. 

The increase in “extracellular fluid” was unexpected, and no explanation is 
available at the present time. In many experiments, digitalis caused an aug- 
mentation of 50-60 cc. per kg. This amoimts to 500-800 cc. per dog increase in 
“extracellular fluid.” Since only a small fraction of this amount of fluid could 
come from the vascular system, the greater proportion must come from cells. 

SUSIMABT 

Digitalis decreases the plasma volume, increases the hematocrit and increases 
the “extracellular fluid.” The increase in “extracellular fluid” is far greater than 
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It has been shown previously that Benadryl causes a decrease in permeability 
of peripheral capillaries (1). However, a congestion of the choroid plexus not 
attributable to the method of sacrifice was found on post-mortem examination 
of dogs chronically intoxicated with this drug (2). Since the formation of the 
ceiebro-spinal fluid is generally conadered to be a process of dialysis through a 
semi-permeable membrane, the membrane, for the most part being the vascular 
endothelium of the capillary bed within the choroid plexus (3), the penneabilify 
of the meningeal capillaries as measured by fluorescein has been recorded before 
and after the administration of therapeutic doses of the alkamine ether in order 
to determine whether or not this permeability is increased in human beings. 

Subjects anb methods. Five male patients were chosen at random from the 
neurological service of the hospital. Three had multiple sclerosis; one, tabes 
dorsalis; and one, progressive muscular dystrophy. No other pathology was 
present aside from their bade neurolo^cal disease. Their ages varied from 31 
to 45 years. The results of previous examinations of the spinal fluid were within 
normal limits, except in the case of the tabetic who had a colloidal gold curve of 
1122100000, and a negative spinal fluid Wassermann despite a 4-1- response 
in the blood. None of the patients had been in the hospital for less than three 
months. Previously established regimes were not disturbed for these experi- 
ments. 

Fluorescein was used to measure the permeability of the memngeal capillaris, 
because it is non-tojdc, and identifiable in the spinal fluid in relatively low con- 
centmtion. It can diffuse readily, since it has an extremely small molecule 
(molecular weight 332) . Previous studies in vitro have shown that changing the 
filtration pressure while not changing the permeability of the membrane does not 
influence the concentration of fluorescein in the filtrate, only the amount of 
filtrate, while changing the permeability of the membrane, keeping the filtration 
pressure constant, influences both the amount of fluid passing through the fflter, 
and the concentration of the fluorescein in the filtrate (4), Therefore, since it is 
generally accepted that capillary filtration is a process of ultrafiltration, the 
physiolopc basis of increased fluorescence in the tissues following the injection 
of fluorescein can be accepted as a satisfactory measure of capillary permeability. 

On the morning of the examination, 10 cc. of an aqueous solution, containing 
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the end of the period indicated, the intravenous injection of fluorescein followed 
by spinal tap was repeated, using the same technique as described above. 

The concentration of fluorescein in the spinal fluid was determined by the 
technique of Lange, Schwimmer, and Boyd (6). Under the conditions em- 
ployed, the sensitivity of this method is ±2 gamma per 100 cc. 

Following intravenous injection of 5 cc. of a 5% fluorescein solution to normal 
individuals, and to subjects similar to those used in this study, it has been shown 
that the content of fluorescein in the spinal fluid varies from 0 to 30 gamma 
per 100 cc., with an average of 7.3 gamma per 100 cc. (6). In the present ex- 
periments, 10 cc. of a 5% fluorescein solution were injected intravenously with 
the idea that the levels of fluorescein in the spinal fluid might be higher, thus 
making differences after Benadryl more easily identifiable. 

Results. The level of fluorescein in the spinal fluid before the administration 
of Benadryl varied from 0.0 to 3.5 gamma per 100 cc. (table 1). After Benadryl 
these values ranged from 0.0 to 2.0 gamma per 100 cc. (table 1). 

The sugar, protein, and chloride of the spinal fluid were not significantly 
changed by the administration of Benadryl under the conditions noted, nor was 
any appreciable influence upon the pressure or cellular elements of the spinal 
fluid observed (table 1). That Benadryl diffused readily into the spinal canal 
was demonstrated by the close accord between simultaneously determined values 
in the blood stream and spinal fluid (7). One and one-half hours after a single 
dose (400 mg.) of Benadryl to each of six subjects averaged levels in the blood 
and spinal fluid were 0.135 and 0.139 micrograms per cc. respectively. Following 
total dosages ranging from 8890 to 9790 mg. of Benadryl distributed over 36 
days in each of 7 subjects, the averaged blood and spinal fluid levels were 0.789 
and 0.769 micrograms per cc., respectively (7). 

Closely correlated studies of several other factors concerned in the distri- 
bution of Benadryl through the body are summarized below, and reference made 
to detailed reports of such work in each instance: 

(a) Blood pressure readings were made in 74 patients receiving Benadryl in 
daily doses ranging from 150 to 600 mg. for periods varying from 14 to 280 days 
(8). Forty-five who received an average of 254 mg. daily for an average of 61 
days showed no change in either systolic or diastolic blood pressures (variation 
of ±10 were ignored). Twenty -nine patients who received an average of 289 
mg. daily for an average of 68 days, developed a significant lowering of pressure. 
Five of the 74 patients given an average of 360 mg. of Benadryl for an average 
of 57 days, developed orthostatic hypotension. A single dose of 400 mg. to 
14 subjects was followed by a significant lowering of systolic and diastolic pres- 
sures. Five of these subjects developed orthostatic hypotension lasting from 
several hours to 3 days. 

(b) Capillary permeability was measured according to the method of Lange 
and Boyd (9) in 28 subjects before and while taking Benadryl orally. In eleven 
instances an average decrease of 24 per cent over control values was observed in 
subjects taking ISO mg. daily for three weeks or more. With a daily dose of 200 
mg., changes similar in degree were observed. With doses of 300 and 400 mg. 
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5 % fluorescein and 5% sodium bicarbonate were injected intravenously. One 
hour after this injection, a spinal tap w’as performed. The 10 cc. of spinal fluid 
withdrawn w'ere used to determine the cell count; the sugar, protein and chloride 
content (5); the Wasserman and colloidal gold responses; and the level for 
fluorescein. 

Each patient was then given Benadryl orally.^ The dosage varied, depending 
upon the tolerance of the indi^ddual subject. Each was started on 300 ihg. per 


TABLE 1 

Findings in ike spinal fluid before and after the administration of benadryl to patients with 

neurologic diseases 
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day in divided doses. If well tolerated, the dose was increased the ne.vt day to 
450 mg. per day, and continued at that level until the end of the experiment, un- 
less untoward symptoms or signs appeared. In one subject, the dose had to be 
reduced to 200 mg. daily after 5 days because of side reactions. Three of the 
subjects were continued on the regime for 7 days, and 2 for 8 days. The min- 
imum total dosage was 1900 mg. and the maximum 3450 mg. (table 1). At 

• Generous supplies of ‘Benadryl’ in 50 mg. capsules have been made available through 
Dr. E. A. Sharp, Parke, Davis & Co., whose courtesy is herewith gratefully acknowledged. 
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CONCLUSIONS 

1. The permeability of the meningeal capillaries to fluorescein apparentlj'' was 
not altered in 5 subjects, each of whom received Benadryl for one week. The 
total dose varied from subject to subject within a range of from 1900 to 3450 mg. 

2. No recognizable changes in the spinal fluid were observed following the use 
of Benadryl under the above conditions. 

3. If the congestion of the choroid plexus which has been obsen^ed in chron- 
ically iutoxicated animals occurs in human beings following the administration 
of Benadryl in therapeutic doses, there is no evidence that such a change is 
associated with any variation in the permeability of meningeal capillaries. 

4. Disturbances in the acti-vuty of the central nervous sj^stem caused by the 
use of Benadryl are unaccompanied by any alteration in the formation or char- 
acter of the spioal fluid. 
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daily for three weeks or more in 8 and 7 subjects, respectively, the averaged 
decrease in permeability amounted to 36 and 42 per cent, respectively (8). 

(c) The pulse rate was studied four times daily in 80 subjects and at less fre- 
quent interv^als in an additional 240 individuals all of whom received dosages 
varying from 150 to 600 mg. of Benadrjd daily for periods ranging from 14 to 
414 days (10). In no instance, was a significant alteration in rate observed 
(values of ±10 were ignored). 

(d) In 4 subjects inulin clearance^ was determined according to the method of 
Alving and Miller (11), in 4 instances before and in 7 instances after the admin- 
istration of Benadryl in daily doses of 300 and 400 mg. for periods of 3 weeks or 
more. The averaged figure of the control periods was 113.6 and for the test 
periods of 109.1, respectively (10). 

Discussion. It was hoped that this study would help clarify the nature of 
Benadryl activity upon the central nervous system. It has already been shown 
that Benadryl causes a congestion of the choroid plexus in chronically intoxicated 
dogs (,2); changes in coordination when administered in large doses to human 
beings (1) ; and changes in the sensorium of normal peisons as manifested by 
sleepiness, “grogginess” and amnesia (1). Is it possible that these manifestations 
depend upon an alteration in permeability of meningeal capillaries? 

The present experiments answer this question pnly partially. They show 
quite clearlj' that the permeabilitj’’ of the meningeal capillaries is not increased. 
However, inasmuch as fluorescein penetrates into the normal spinal fluid very 
slightly, they do not fully preclude the possibility that a decrease in permeability 
could have occurred. On the other hand, the essentially identical concentration 
of Benadryl in blood and spinal fluid withdrawn simultaneously indicates no 
interference with permeability, at least to that substance. Of course it may 
be possible that the congestion of the choroid pleu.xus in the chronically intox- 
icated animal is a compensatory mechanism enabling the organism to maintain a 
• balance betw'een the blood and the spinal fluid against a decreasing permeability. 

Other factors concerned in these relationships must include variations caused 
by Benadryl in the vascular system. Among these are: 

(a) A consistent lowering of systolic and diastolic blood pressures when given 
in doses of 400 mg. daily orally and frequently w'hen smaller amounts were used. 

(b) A decrease in the capillary permeability of peripheral vessels. 

(c) No alteration of the pulse rate. 

(d) No apparent change in glomerular filtration as measured by inulin clear- 
ance. 

Since Benadryl causes no significant change in the chemistry, c 3 d;ology, 
pressure or dynamics of the spinal fluid, it must be assumed that the effects of 
this drug upon the nervous system are not mediated by alterations in the spinal 
fluid, or its formation, but are a direct effect upon the nerve cells. 

’ Inulin clearances were carried out through the aid ol Therapeutic Grant Jff532 from the 
Council on Pharmacy and Chemistry of the American Medical Association. 
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demonstrated to eliminate most of the effect of learning. Then each subject 
required to operate the apparatus for a period of one hour. At the end of this 
time a placebo, consisting of a capsule containing starch, was administered, and 
at the end of one hour’s rest the second hour’s run on the machine performed. 


TABLE 1 


Perjormance in unfaiigued subjects after a placebo and after 10 mgm. of amphetamine sulfate 
by mouth, expressed as crude scores 


STJBJECr 

tTHTATJCTOD TLACEBO 

TO7AnCirEI> AitPSETAiONE 

CHANGE 

lA 

89.0 

89.0 

0.0 

IB 

86.0 

83.0 

-3.0 

2A 

87.5 

91.0 

3.5 

2B 

92.0 

94.0 

2.0 

2C 

87.5 

85.5 

-2.0 

3A 

84.0 

86.0 

2.0 

3B ' 

80.0 

84.5 

4.5 

3G 

80.0 

80.5 

O.S 

4A 

90.0 

92.5 

2.5 

50 

88.0 

86.5 

-1.5 

Mean 



0.9 


Standard deviation 2.3. 


TABLE 2 

Performance in fatigued subjects before and after amphetamine sulfate 10 mgm. by mouth 


SXTBJXCT 

TAtlCCEX) 

TAWCCTD AUPHEtAHXNX 

CEAKCE 

lA 

86.5 

88.0 

1.5 

IB 

79.0 

84.5 

5.5 

2A 

80.5 

84.5 

4.0 

2B 

85.0 

93.0 

8.0 

20 

71.0 

84.5 

13.5 

3A i 

78.5 

81.5 

3.0 

3B 

77.5 

79.5 

2.0 

30 

85.0 

85.5 1 

0.5 

4A 

89.5 

93.5 

4.0 

SC 

87.0 

84.5 

-2.5 

Mean 



4.2 


Standard deviation 3.9. 


There was a mean decrease of 0.9% in the second run, with a standard deviation 
of 1.8%. 

On a subsequent day the same procedure was repeated, except that the placebo 
was replaced by 10 mgm. of amphetamine sulphate. Table 1 shows that imder 
these conditions the average performance of the group was slightlj’ superior to 
that after the placebo, but that this difference was much less than the standard 
deviation. 
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It is well established that amphetamine sulfate in therapeutic doses is capable 
of abolishing the sense of fatigue (1). When one comes to examine the evidence 
for actual objective improvement in performance effected by the drug, however, 
one finds it to be contradictory. Finkelstein, Alpem and Gantt (2) have re- 
viewed the literature on the subject, and presented a tabular summary of the 
findings of a number of investigators who used such varied indices as school 
performance and reaction time. 

The present work is an endeavor to assess the effect of amphetamine sulfate 
on sustanied performance of a skilled task under normal conditions and after 
induced fatigue. Since one of the uses to which this drug has been put is to 
combat fatigue in aircraft pilots, we strove to simulate as closely as could be 
accomplished in the laboratory the type of activity required of pilots. To this 
end an apparatus of the nature of a pursuit meter was constructed, in which the 
subject, by means of the conventional aircraft controls, is able to control the 
attitude of a model airplane suspended in front of him at a distance of 6 feet at 
eye level. Three irregular cams actuated by an electric motor cause the airplane 
to deviate from level flight in three planes in space, and it is the objective of the 
operator to counteract this deviation by manipulation of the controls so as to 
maintain the model in level flight. IVhen this alignment is maintained -nithin 
certain limits inherent in the construction of the apparatus, electrical contact is 
completed in a circuit which incorporates a watt hour meter. Deviation of 
alignment beyond this fixed limit in any of the three planes breaks the circuit. 
Thus the percentage of time that alignment is maintained can be determined by 
the reading of the watt hour meter. Such readings are secured for each period 
of 90 seconds of operation of the apparatus, and may be totalized for any desired 
longer period. , The limits of alignment were so chosen that no subject was able 
to make a perfect score, as can be seen from table 1. 

In order that brief “spurts” of concentration on the task should not introduce 
error, each period of operation consisted of one hour of continuous operation of 
the device, of which only the last 10 minute period was used, nor was the subject 
allowed to have knowledge either of the elapsed time or of the portion of the test 
which would be scored. In order to determine the validity of comparing 
the scores of successive tests, and also of the possible suggestive effect of 
administration of medication, a control series of experiments was performed. 
The subjects, 10 in number, were medical students in the third decade of life, 
in good general health. Four hours’ e.xperience in operating the device was 
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During World War I, the French first used hydrocyanic acid shells in the 
battle of the Somme (1). Although modem strategists do not agree that it was 
an efficient weapon, the belligerent armies in World War II rmdoubtedly did not 
dismiss its possible use. Aside from mmors that the Japanese intended to use 
hydrocyanic acid on the Chinese, no waning nation apparently resorted to it. 
Several high Nazi officials, after the German capitulation, took their lives by 
swallowing a solution of hydrocyanic acid which was put up in vials and dis- 
tributed among them. 

Lt. Colonel Bodansky (2) recently revealed that at the Medical Division of 
Chemical Warfare Service, Edgewood Arsenal, investigations were undertaken 
to find suitable agents, in addition to the gas mask, that would be effective in 
protecting troops against hydrocyanic acid. He and his associates (3-6) re- 
ported that p-aminopropiophenone (for short, PAPP), which forms methem- 
oglobin, as previously shown by Vandenbelt, Pfeiffer, Kaiser, and Sibert (7), 
could serve as a prophylactic drug against poisoning by hydrocyanic acid and 
cyanogen chloride in dogs and man. Their primary aim was to induce a safe 
level of methemoglobinemia before encountering an enemy attack with hy- 
drocyanic acid gas. 

In these laboratories, it wns shown that sodium nitrite, a drug capable of 
forming methemoglobin, injected intravenously, could save lives of dogs 
poisoned with sodium cyanide (8). If, how’ever, the nitrite were immediately 
followed by the intravenous injection of sodium thiosulfate, the antidotal action 
would be greatly potentiated. The successive administration of sodium nitrite 
and sodium thiosulfate can revive dogs from cyanide poisoning even at the point 
of respiratory failure but prior to heart stoppage. Success of this treatment in 
human cases has been repeatedly recorded (9). 

It would be, therefore, of interest to compare the efficacy of p-aminopropio- 
phenone and sodium nitrite, as well as that of their respective combinations rvith 
sodium thiosulfate, in the treatment of cyanide poisoning in dogs. With 
Colonel Oscar Bodansky’s approval and his generous supply of p-aminopro- 
piophenone, we proceeded to carry out a series of such experiments. As in 
the work previously reported (8), p-aminopropiophenone was injected intra- 
venously after the subcutaneous administration of sodium cyanide in a group of 
unanesthetized dogs. 

Since p-aminopropiophenone is sparingly soluble in water, it was dissolved in 
dilute hydrochloric acid (7). In our work, a 0.1 per cent solution was em- 
ployed. To make a volume of 100 cc., it was necessary to dissolve 100 mg. of 
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Finding no significant difference in performance of unfatigued subjects after 
amphetamine, it was determined to investigate the effect of the drug on the same 
individuals after subjecting them to a standard degree of fatigue. To this end 
they were required to remain ■ndthout sleep for a period of approximately 36 
hours, at the end of which time they were given a one hour run on the coor- 
dination apparatus, and the score of the last 10 minutes of this run used as the 
criterion of performance after fatigue. Ideally, it would have been desirable to 
have determined the effect of a placebo in the fatigued state, but the procedure 
was sufficiently unpleasant to the subjects that it was felt that their cooperation 
for two such tests could not be secured. Therefore, 10 mgm. of amphetamine 
was administered after the first run on the machine, and after an hour’s rest the 
second run was performed. As seen from table 2, the drug resulted in a definite 
improvement in performance in all but one subject, the mean increase in per- 
formance being slightly larger than the standard deviation. 

If we consider the average performance of the subjects in the unfatigued state 
as 100%, then that of the same subjects when subjected to fatigue by depriva- 
tion of sleep was equal to 94%. This was increased to 98% by the administration 
of amphetamine. From this it maj' be concluded that amphetamine sulfate in 
this dosage is capable of significantly improving the performance of a skilled task 
when this performance has deteriorated due to fatigue, but that this improvement 
is not sufficient to effect a return of performance equal to that shown in the non- 
fatigued state. 


SUMMARY 

Amphetamine sulfate in a dose of 10 mgm. by mouth is incapable of signifi- 
cantly improving performance of a monotonous skilled task for a relatively short 
time unless this performance has been reduced by previously existing fatigue. 
In fatigued subjects significant restoration of performance, although not to 
pre-fatigue levels, usually results from this medication. Thus amphetamine 
sulfate may be a useful drug when necessitj’- requires the performance of such 
tasks by fatigued individuals. 
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ment. Compared with the combination of sodium nitrite and sodium thio- 
sulfate, the data of which were previously published (8), the present pair appears 
numericallj' superior. However, the standard error of the LDso of sodium cy- 
anide under the nitrite-thiosulfate treatment is so large that the difference 
between the two combinations is statistically insignificant. The optimal dose 
of p-aminopropiophenone in the combination was found to be the same as when 
it was used alone, namelj% 10 per cent of the LDso, or 0.71 mg, per kg. Larger 
doses caused an unfavorable outcome. Several of our animals which received 

TABLE 1 


Comparison of antidotes in cyanide poisoning in dogs 


AKTTDOTZ 

sosirv ctAXiDi: 

NTOBXl X>n:D 

KnCBX* VStD 

LDjj or soDnra cta- 

XIDE ±. S.E. 


r%[. ftr ts. 


nr. pir Jr. 

None 

4 

0/3 

5.36 d= 0.28 


5 

1/3 



6 

8/10 


P-Aminoprop!ophenone 

18 

0/6 



24 

3/5 

23.4 ± 1.6 


30 

3/3 

1 

p-Aminopropiophenone and ao- 

90 

0/1 


dium thiosulfate 

96 

0/1 



102 

2/5 

105.6 ± 3.2 


lOS 

3/4 



114 

3/5 



120 

4/4 


Sodium nitrite 

18 

0/3 



24 

2/5 

27.1 ± 3.1 


30 

3/5 


Sodium nitrite and sodium thio- 

60 

1/3 


sulfate 

72 

1/3 



78 

2/5 

96.7 ± 23.6 


120 

3/7 



126 

3/3 



small doses of sodium cyanide such as 24 mg. per kg., but 12.5 to 20 per cent of 
the LDso of p-aminopropiophenone prior to thiosulfate injection, promptly died. 
With the nitrite-thiosulfate combination, the most suitable dose of sodium nitrite 
was observed to be 22.5 mg. per kg., almost 50 per cent of its LDjo (8). It was 
our general impression that cyanide-poisoned dogs were more alert and less 
drowsy when treated with sodium nitrite and sodium thiosulfate than with p- 
aminopropiophcnone and sodium thiosulfate. 

It must be realized that the treatment of our dogs was carried out under the 
most ideal conditions, that is, the antidotes were given by vein immediately after 
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p-aminopropiophenone in 10 cc. of N/10 HCl in a volumetric flask, and dilute the 
whole to the mark ivith distilled water. Sodium cyanide, the poison, was used 
in 4 to 10 per cent solution, depending upon the size of the dose to be 
administered. 

As stated above, the last part of our investigation was devoted to the eval- 
uation of the combined antidotal action against sodium cyanide of p-amino- 
propiophenone and sodium thiosulfate, successively injected by vein. A freshly 
prepared 50 per cent solution of the latter was employed — ^the dose being 1 gm. 
per kg., or less. Both antidotes were repeated when to.vic signs recurred or 
persisted. In a few dogs, the amounts of methemoglobin and blood thiocyanate 
were followed during the process of detoxification. The methemoglobin was 
determined in a Beckman DU model quartz spectrophotometer; and the thio- 
cyanate, by a micromethod developed in these laboratories (10). 

Results. 1. Toincily of p-aminopropiophenone. Vandenbelt, Pfeiffer, Kaiser, 
and Sibert (7) showed that dogs died at 95 per cent methemoglobinemia and 
that recoveiy might occur with 87 per cent methemoglobinemia. In our dogs 
the number of deaths to the number of animals at various dose levels of p-amino- 
propiophenone e.xpressed in mg. per kg. given intravenously, was as follows: 
1/5 with 5, 6/10 with 7.5, 7/10 with 10, and 5/5 with 15. The computed median 
lethal dose, or LDjo, from these data is 7.15 ± 0.89 mg. per kg. Thus, it is a 
highly toxic product. 

2. Its antidotal action against cyanide. It was found by repeated trials that the 
most suitable dose of p-aminopropiophenone by intravenous injection to revive 
dogs poisoned by subcutaneous administration of sodium cyanide was 10 per 
cent of the LDso, namely, 0.71 mg. per kg., for the first two or three doses. 
Larger amounts frequently lessened the chances of recovery. All subsequent 
doses were one-half of that amount, that is, 0.36 mg. per kg. 

In table 1, it will be observed that p-aminopropiophenone definitely deto.xi- 
fied sodium cyanide in unanesthetized dogs. It saved 3 out of 5 dogs which had 
received the poison in the dose of 24 mg. per kg.; but none, in the dose of 30 
mg. per kg. The LDso of sodium cyanide with p-aminopropiophenone was 
raised from 5.36 ± 0.28 to 23.4 ± 1.6 mg. per kg. 

In the same table, it will be seen that the LDjo of sodium cyanide ivith sodium 
nitrite was found to be 27.1 ± 3.1 mg. per kg. The crude data were those given 
in our previous paper (8), plus the readings on the smallest dose of cyanide re- 
corded during the present investigation. p-Aminopropiophenone has a closely 
comparable action in deto.xifying sodium cyanide to that of sodium nitrite, since 
the difference in LDso’s is not statistically significant. Obw'ously, both com- 
pounds can produce the same degree of methemoglobinemia which constitutes the 
mechanism of deto.\ification. 

S. Combined antidotal action of p-aminopropiophenone and sodium thio- 
sulfate. As expected, intravenous injection of p-aminopropiophenone im- 
mediately followed bj' sodium thiosulfate showed a potentiation of antidotal 
action. The combination raised the LDeo of sodium cyanide to 105.6 ± 3.2 
mg. per kg. — almost twentjdold the LDjo of sodium cyanide without any treat- 
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nient. Compared Math the combination of sodium nitrite and sodium thio- 
sulfate, the data of which were previously published (8), the present pair appears 
numerically superior. However, the standard error of the LDso of sodium cy- 
anide under the nitrite-thiosulfate treatment is so large that the difference 
between the two combinations is statistically insignificant. The optimal dose 
of p-aminopropiophenone in the combination was found to be the same as when 
it was used alone, namely, 10 per cent of the LDso, or 0.71 mg. per kg. Larger 
doses caused an unfavorable outcome. Several of our animals which received 

TABLE 1 


Comparison of antidotes in cyanide poisoning in dogs 


Ajrraxm: 

SODIUU CYAKIBi: 

SnmSES DI£2> 

USED 

LVsa Of SODXVU CVA’ 

KWZ rt sx. 


me. per kg. 


ns. ftr is. 

None 

4 

0/3 

5.36 ± 0.28 


5 

1/3 



6 

8/10 


p-Aminopropiophenone 

J8 

0/6 



24 

3/5 

23.4 ± 1,6 


30 

3/3 


p-Aininopropiophenone and so- 

90 

0/1 


dium thiosulfate 

98 




j 102 

2/5 1 

105.6 ± 3.2 



3/4 1 


1 

114 i 

3/5 



120 

4/4 


Sodium nitrite 

18 

0/3 



24 

2/5 

27.1 dz 3.1 


30 

3/5 


Sodium nitrite and sodium thio- 


1/3 


sulfate 


1/3 




2/5 

96.7 ± 23.6 


120 

3/7 



126 

3/3 



small doses of sodium cyanide such as 24 mg. per kg., but 12.5 to 20 per cent of 
the LDso of p-arainopropiophenone prior to thiosulfate injection, promptly died. 
Witli the nitrite-thiosulfate combination, the most suitable dose of sodium nitrite 
was obsen'ed to be 22.5 mg. per kg., almost 50 per cent of its LDso (8). It was 
our general impression that cj'anide-poisoned dogs were more alert and less 
drowsy when treated with sodium nitrite and sodium thiosulfate than with p- 
aminopropiophenone and sodium thiosulfate. 

It must be realized that the treatment of our dogs was carried out under the 
most ideal conditions, that is, the antidote.s were given by vein immediately after 
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sodium cj’anido was injected subcutaneously. Methemoglobinemia had oc.- 
curred before the poison was completely absorbed — thus exerting, in part, a 
prophylactic effect. The efficacy of the p-aminopropiophenone-thiosulfate or 
nitrite-thiosulfate combination would be expected to diminish if its adminis- 
tration were progressively delayed. 



Fig. 1 Detoxification of Sodiuji Ctanide bt p-Aminopbopiophenone and 
S oDHiM Thiosulfate 

Dog numbered 3628, female, weighing 11.1 kg., was injected subcutaneously with 96 mg. 
of sodium cyanide per kg. of body weight. Intravenous injection of p-aminopropiophenone 
(PAPP) in the dose of 0.71 mg. per kg., and then sodium thiosulfate (NaiSiOi) in the dose of 
1 gm. per kg., immediately followed. The dog vomited at the end of 32 minutes after 
cyanide injection. Treatment was resumed at the end of 37 minutes — PAPP, 0.71 mg. per 
kg.: and NaiSjOj, 280 mg. per kg. An accident prevented the completion of the full dose 
of tne latter drug, which was intended to be 1 gm. per kg. The animal again vomited at the 
end of 4J hours. Treatment was given at the end of 5 hours and 25 minutes — ^PAPP, 0.71 
mg. per kg.; NajSjOj, 0.5 gm. per kg. Convulsions occurred during the injection of the 
antidotes, but disappeared thereafter. At the end of 111 hours, the dog became ataxic, and 
the last dose of each antidote was administered — PAPP, 0.36 mg. per kg.; NaiSiOj, 0.5 gm. 
per kg. A total of 34 blood samples were drawn from the external jugular vein for the 
measurements of methemoglobin and sodium thiocyanate during the entire course of 54} 
hours. The changes of both are shorni by the curves. 


The mechanism of detoxication is clearly the same in quality and in quantity. 
With the present combination, the reactions proceed as follows: 


H;N<^ ^CO - CaHs -f- Hemoglobin 


Methemoglobin 


NaCN -f- Methemoglobin > Cyamnethemoglobin 


NaiSiOs -f NaCN > NaSCN -t- NaHSO< 


There is ample proof of the occurrenee of three steps in detoxification. The 
primary formation of methemoglobin by p-aminopropiophenone is a matter of 
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certaiaty (7). The successful competition for the cyanide ion by methemo- 
globin over cytochrome oxidase has been recently elucidated in vitro by Albaum, 
Tepperman, and Bodanslg^ (11). The conversion of the cyanide ion to sodium 
thiocyanate by sodium thiosulfate has been repeatedly demonstrated (12- 
16). The last step is achieved by the enzyme rhodanese (17-18). 

The detoxifying processes can be demonstrated in experimental animals. 
Figure 1 shows the amounts of methemoglobin and sodium thiocyanate present 
in the circulating blood of a dog poisoned with sodium cyanide and successfully 
treated with p-aminopropiophenone and sodium thiosulfate. In that exper- 
iment, the methemoglobin fluctuated but never exceeded 24 per cent. Obviously , 
the effective concentration can stay on the safe side and need not approach any- 
where near the lethal level. The formation of sodium thiocyanate, as measured 
in blood, steadily increased, reaching a peak of about 20 mg. per 100 cc. At 
the end of SIJ hours, it was still detectable to the extent of 2 mg. per 100 cc. 
The results from 4 other dogs showed a similar picture. 

From a clinical point of view, the combination of p-aminopropiophenone and 
sodium thiosulfate describes a trial, because its efficacy is comparable to that of 
sodium nitrite and sodium thiosulfate. The absence of undesirable vasomotor 
side-effects following intravenous injection of p-aminopropiophenone, as reported 
by Tepperman, Bodansky, and Jandorf (5), is an advantage over the use of 
sodium nitrite. One must realize, of course, that, weight for weight, p-amino- 
propiophenone is more toxic than sodium nitrite. Furthermore, our results in 
dogs clearly indicate that p-aminopropiophenone should be employed in pro- 
portionately much smaller doses than sodium nitrite. 

SUMMABY 

1. Dogs poisoned by subcutaneous injection of sodium cjmnide can be saved 
by intravenous administration of p-aminopropiophenone, provided the dose of 
the poison is under 4 LDjo’s. 

2. Potentiation of antidotal action against cyanide occurs when p-amino- 
propiophenone and sodium thiosulfate are successively injected by vein. The 
amount of sodium cyanide detoxified by this combination is about the same as 
that by sodium nitrite and sodium thiosulfate. 
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A number of publications concerned witb the evaluation of the irritant proper- 
ties of cigarette smoke have appeared during the past decade. In general, the 
methods employed may be divided into two groups, namely, those that make use 
of smoke solutions prepared prior to application and those in which whole smoke 
is applied directly. 

Of the techniques in which smoke solutions are employed, that of Mulinos 
and Osborne (1) is based upon the effects on the structures of the eye of the rabbit 
of instilling measured amounts of smoke solution into the conjunctival sac. 
Criteria used for evaluating irritation include msual estimation of the degree of 
blepharospasm produced, the amount of objection by the animal, e.vtent of 
erythema, and the degree and duration of any resulting edema. Since measure- 
ments so made are subject to the vagaries of human judgment, results that 
represent other than gross differences are subject to justifiable dispute. 

A procedure that permits of more accurate evaluation of the irritant properties 
of smoke solutions has more recently been described by Weatherby (2). Meas- 
ured quantities of smoke solutions are injected subcutaneously into the dorsal 
surface of the ears of albino rabbits. Subsequently a standardized amount of 
trj'pan blue is administered intravenously. Accumulation of the dye at the sites 
of injection of irritant solutions was found to be proportional to the degree of 
irritation, color intensity measurements being made against a standard color 
scale. Despite the distinct advance embodied in this procedure, as regards 
cigarette smoke irritation, it, too, is subject to a basic criticism of all techniques 
making use of smoke solutions, namely, that owing to such factors as solubility 
end physical and chemical state, the irritant potentiahties of whole smoke may 
not be reproduced in smoke solutions. 

Of the available procedures involring the use of whole smoke, all depend upon 
cooperation of human subjects, and hence are not ordinarily suitable as routine 
procedures. Those depending upon changes in the nose, mouth, throat or larynx 
of man resulting from smoking (3, 4, 5) are in addition not subject to a 
kigh degree of reliability (6). That of Hoick and Carlson (7) in which increase 
in salivary flow is used as an index of irritation, includes the factor of taste which 
would seem to broaden the scope of the term irritation beyond that here in- 
tended. 

In an effort to obtain a method for assajring cigarette smoke irritation that 
would minimize the above objections, we have evolved the following procedure. 

Method. In deriving a method for measuring cigarette smoke irritation it 
Was felt that the following criteria must be satisfied: namely, whole smoke 
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must be used, the tissue exposed must represent a true mucous membrane, the 
results of irritation must be capable of quantitative measurement, and lastly, 
the method should be suitable for routine laboratory use. 

The rabbit eye was selected as a convenient site for testing, since it may be 
easily e.xposed to whole smoke samples without previous surgical manipulation. 
Of the tissues of the rabbit eye, the membranous lining of the upper lid was found 
to show a graded response in the form of edema to cigarette smoke irritation. 
The amount of edema produced was found to be measurable by excising the 
membrane, drying it and calculating its water content as compared to that 
found for the excised membrane of the control eye. 

It is recognized that this procedure has certain limitations. Only those ir- 
ritants that produce edema are measured. Obviously subjective phenomena 
associated irith irritation are not measured. Where the subjective effects are 
minimal as compared Ruth the edema-producing effects this is probably un- 
important. Where the subjective effects predominate the procedure is not en- 
tirely adequate. In fact, it is improbable that a single index of all manifestations 
of irritation can be found. Accepting this, we have worked out the following 
details designed to permit the quantitative measurement of the edema-producing 
properties of the irritants in cigarette smoke. 

Male albino rabbits, weighing about 2 Kg., are morphinized (20 mg. per Kg- 
of morphine sulfate administered subcutaneously) to produce analgesia and to 
reduce struggling during subsequent handling. Twenty-five minutes after the 
morphine administration, 3 or 4 drops of 0.85 per cent sodium chloride solution 
are instilled into each eye in order that the ocular tissues may be uniformly moist 
at the time of exposure to smoke. A piece of thread is next attached to the 
lashes of each upper lid by means of scotch or adhesive tape in order that by 
traction on the threads the upper lids may be everted for complete and uniform 
exposure to smoke. The cigarette to be smoked is then inserted into a holder 
and sealed in place with dehydrated Karo syrup to prevent air leaks around the 
edges during puffing. The holder is then attached to an eye cup which in turn 
is attached to an automatic smoking machine of the type described by Bradford, 
Harlan and Hanmer (8) regulated to draw a 35 ml. puff of 2 seconds duration 
once a minute. The arrangement of these devices is diagramed in figure 1. 

At this point either of two procedures may be followed and for convenience in 
future reference one will be called Procedure A, the other Procedure B. 

Procedure A: Thirty minutes after administration of the morphine and in 
time Rith the puff period in the acthdty cycle of the smoking machine, the eye 
cup is pressed against a hard surface and the cigarette lit from the flame of a 
micro burner. This initial puff is discarded and residual smoke in the eye cup is 
permitted to escape. About 10 seconds before the next puff by the machine is 
scheduled to occur, the upper lids of both eyes are everted and the eye cup is 
placed over the lid and the other structures of the right eye and held firmly in 
place. A predetermined number of puffs (usually 3) are then drawn past the 
eye, the eye cup being held in place until exactly one minute after the start of 
the last puff desired. The retraction threads are then removed by cutting the 
lashes below the point of attachment. 
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A period of one hour (from the first puff) is allowed for edema to develop. At 
the end of this period the animal is killed by cerebral concussion, placed on an 
animal board and the upper lid of the exposed eye retracted to reveal its mem- 
braneous lining for excision. (On rare occasions it will be found that conjunctival 
hemorrhages occur following cerebral concussion. In such instances the animal 
is discarded. In our experience this occurs in approximately one per cent of the 
animals used.) The membrane is then carefull3'’ e.xcised, care being taken not to 



eye cup 

Fig 1 


include the muscular tissue beneath it or the tissue of the nictitating membrane. 
The membrane from the control eye is similarlj' removed. The e.xcised tissues 
are immediately placed in tared vials. Both tissues are then weighed and placed 
in an oven at lOt^C. for 18 to 24 hours, at which time thej' are reweighed to 
obtain their dry' weights. 

From the wet and drj- weights of the exposed and control tissues the moisture 
content of each is calculated. The ratio of moisture content to drj' u eight for 
each tissue is then determined. Per cent cliange in water content between the 




118 


FINNEGAN, FOEDHAM, LAESON AND HAAG 


two tissues may then be calculated from the ratios. In a series of determinations, 
the ratios serve as a basis for statistical evaluation. 

Procedure B: In this procedure a control (unexposed) eye is not used as a 
basis of comparison. Instead, the edema-producing effects of two cigarettes are 
compared directly on the same animal by exposing one eye to a predetermined 
number of puffs from one cigarette and the other eye to an equal number of 
puffs from the second cigarette. Under the conditions we have employed, both 
cigarettes are not smoked simultaneously, smoking of the second cigarette fol- 
lowing immediately the smoking of the first. To compensate for the difference 
this produces in the time for edema development, in a series of animals such 
comparisons are always made on even numbers of cigarettes from each lot and 
the sequence of smoking alternated. Also, to allow for possible inherent dif- 
ferences in the irritability of right eyes of rabbits as compared to left eyes, of two 
lots of cigarettes being compared half of each lot is tested on right eyes and 
half on left eyes. With the exception of these differences. Procedure B is 
identical with Procedure A. 

Calculation of results obtained are carried out in the same way as in Procedure 
A. 

Data pertinent to the application of the method, (a) Normal water 
content of the tissues employed. The method described is based on the assumption 
that the membranous linings of the upper lids of both eyes of any given rabbit 
initially contain equal percentages of water. To test this thesis 20 presumably 
normal rabbits were killed and the described tissues from both eyes of each taken 
for water determination. On the basis of differences in per cent water content 
between paired membranes, the mean difference and its standard deviation was 
found to be 0.685 ± 0.534. While the agreement is not exact, in view of the 
magnitude of the water gain obtainable through cigarette smoke irritation, it 
does not invalidate the proposed method. 

A further analysis of the data obtained above was made on the basis of th^ 
mean per cent water content of all the left eye membranes in the series and of all 
the right eye membranes, for if the deviations from the mean on such a basis 
should prove no greater than that between the two membranes of the same 
animal it would permit assignment of a standard moisture content to the un- 
irritated tissue. The left membrane mean proved to be 82.59 ± 1.24 per cent 
and that of the right 82.71 ± 1.02 per cent. Since these standard deviations 
from the mean are greater than those found between paired membranes, use of a 
standard water content for unirritated tissue was not adopted. 

(b) Effect of manipulation on the membrane water content. To evaluate the 
irritant action of the cigarette smoke per se, it is necessaiy to know the effect 
on the tissue of the manipulations involved in applying the smoke. To this 
end 14 rabbits were subjected to Procedure A, with the single e.xception that 
3 puffs of air instead of smoke were draim past the right eyes. The results 
showed that the membranes of right eyes contained a mean of 76.87 ± 1.54 per 
cent water and those of left eyes 77.92 ± 1.54 per cent. We can therefore con- 
clude that any edema produced by cigarette smoke in this method represents a 
true effect of the smoke. 
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(c) Effect oj graded exposure to cigarette smoke irriialicn on ^ema development. 
To study this, 6 groups of 10 animals each were subjected to 1, 2, 3, 4, 5 or 6 
puffs of smoke using Procedure A. Calculation of regression of the resulting 
moisture to dry weight ratios showed a highly significant regression coefficient 
(P equals less than ,002). It is therefore concluded that the upper palpebral 
membrane responds to graded exposure to cigarette smoke irritation by graded 
increases in edema formation. 



Fio. 2 


It was also observed in these e.xpeiiments, that at the higher puff levels there 
was an increasing likelihood for error in edema determination owing to seepage 
of fluid from the cut surfaces of the membrane during excision. 

(d) Selection of the number of puffs of smoke and ike duration of edema develop- 
ment to use in making comparisons. To determine this, cigarettes from one lot 
of tobacco were selected and rabbits exposed to 2 and 3 puffs of smoke using 
Procedure A. The rabbits were then killed at varying time intervals following 
exposure and the described tissues removed for W'ater determination. The 
results are shown in figure 2 in which each point represents a mean of results on 
20 animals. 

From this it is seen that maximum edema development following exposure to 
2 puffs of cigarette smoke occurs at the end of one hour, whereas, following 
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exposure to 3 puffs maxmum edema is reached only after four hours. However, 
some of the individual edemas produced in four hours at the 3 puff level are s6 
great that considerable fluid exudes and is lost from the cut surfaces in excising 
the tissue. The degree of edema developed by 3 puffs in one hour is about as 
great as can safely be used without introducing errors due to such exudation. 
Therefore, whether 2 or 3 puff exposures are used, a one hour period for edema 
development appears optimum, and this has been used in all of the work to 
follow. 

Since one puff exposures produce relatively little edema and 4 or more puffs 
may produce too much edema, the choice of the number of puffs to use would 
appear to be either 2 or 3. To test the relative efficiency of these puff levels in 
making comparisons of irritation, the following experiment was performed. 
Cigarettes of two different brands (a “king” size vs an ordinary size) w'ere com- 
pared at both the 2 and 3 puff levels using Procedure B. Two groups of 10 
comparisons were made at each puff level, and the results analyzed statistically. 
At the completion of the first 10 comparisons analysis of variance of the resulting 
moisture to dry weight ratios gave a P value for significance in difference in 
irritating properties between the two brands of about .05 at the 2 puff level and 
less than .01 at the 3 puff level. The second 10 comparisons gave similar P 
values to those obtained in the first series. From this it would seem that or- 
dinarily 3 puffs is the more satisfactoiy number to use in making comparisons 
of the irritating properties of cigarette smoke by the described method. 

(e) Physical standards for cigarettes. Despite the mechanical precision wth 
which modem cigarettes are made, they tend to vary in the tightness of the 
packing of the tobacco. This is reflected in variations in weight as well as in 
resistance to air flow from one cigarette to another. When such variations 
between cigarettes are large differences in the irritant properties of their smoke 
due to variations in degree of combustion of the tobacco, concentration of the 
smoke, etc., may occur. We have not controlled this factor in testing different 
brands, the cigarettes in such cases being selected for comparison one noth the 
other on the basis of similar package position. However, in studying experi- 
mental cigarettes in which but a single change has been made from the control 
cigarette (i.e. addition or omission of a single ingredient), weight and air flow 
variations become an undesirable complication. In such cases we have, from 
a predetermined knowledge of the average weight of the cigarette used, selected 
for smoking purposes only those that weighed within ±5 per cent of the average. 
In practice, it was found that restriction of the weight range automatically, 
vith but few exceptions, restricted the range for air flow values. Within the 
above weight range, w'e have not been able to correlate differences in irritant 
properties between individual cigarettes of the same type %rith differences in 
their weights. 

To illustrate the importance of standardization of the weight range of ciga- 
rettes, 20 cigarettes of the same brand were selected that represented extremes 
in weight range. Ten of these ranged between 920 and 960 mg. in weight (mean 
939 mg.); the 10 at the other extreme ranged between 1200 and 1285 mg. in 
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weight (mean 1218 mg.). Rabbits were subjected to 3 puffs of smoke from these 
cigarettes using Procedure A. Water increases in the upper lid membranes of 
the exposed eyes gave a mean value of 78.98 per cent for the 10 light cigarettes 
and 39.53 per cent for the 10 heavy cigarettes. Analysis of variance of the 
corresponding moisture to dry weight ratios indicated a probability of less than 
.01 that this difference was due to chance. 

Another factor which definitely affects the irritant propertie.s of cigarette 
smoke is the moisture content of the tobacco. In the results reported here, this 
has been controlled by keeping the cigarettes to be smoked in a constant humidity 
cabinet for at last 24 hours prior to smoking and by moisture assays at the time 
of smoking. 

To demonstrate the importance of controlling the moisture content, cigarettes 
selected as to weight were subjected to atmospheres of differing humidity to 
produce differences in their moisture content. Rabbits were then subjected to 
3 puffs of smoke from these cigarettes using Procedure A. The re.sults are 
presented in table 1. 


TABLE 1 

KoisTtnx colWEjrr or ccabettes 

NO. or AKXUALS tXTOSED 

lEEAir INCaXASE Vi ifEUBHANE WATER 
CONTENT 

Ptr €<Hl 


ptr cent 

8.67 

10 

116.4 

10.36 

10 

92.3 

12.33 

20 

90.0 

13.99 

10 

68.9 

16.19 

10 

55.3 

22.95 

10 

17.1 


Analysis of variance of the corresponding moisture to dry weight ratios in- 
dicated a probability of less than .01 that these differences uere due to chance. 

Some results or application of the method. 1. Comparison of irritalimj 
properlics of smoke from cigaretles of the same brand standardized as to physical 
properties. In the foregoing, we have described a method for evaluating quanti- 
tatively the irritating properties of cigarette smoke as judged by degree of edema 
formation and have shown that certain physical properties of cigarettes are 
possible influencing factors. The question remains as to whether or not ciga- 
rettes can be manufactured with sufficient uniformity as to constituents so that 
demonstrable differences in irritating properties do not occur between cigarettes 
of the same brand despite uniformity in phj'sical properties. To test this, 100 
cigarettes of one brand that did not vary from the mean weight by more than ±5 
per cent were selected and divided at random into two groups of 50. The cig- 
arettes were then brought to uniform moisture content and members of one 
group paired at random with those of the other and compared by Procedure 'B. 
Anal 3 'sis of variance for difference in irritation between the two groups indicated 
that the probability of a more divergent sample would be about .23 (one .mirn nl 
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was eliminated from the analysis because of an exceedingly abnormal d^ree of 
edema formation). Thus, no significant difference in irritating properties was 
detected between the two groups. 

2. Comparison of irritating properties of smoke from cigarettes of two different 
brands. We have seen that cigarettes of the same brand can be of suflSciently 
uniform composition so as to present no detectable significant difference in 
the irritating properties of their smoke. Of even greater interest in the appli- 
cation of the described method is whether or not significant differences in irritat- 
ing properties may exist between smoke from cigarettes of different brands. 
To determine this 50 cigarettes from each of two different brands were compared 
by Procedure B. These cigarettes were all brought to comparable moisture 
content (12.07 vs 11.72 per cent) prior to testing, but were not standardized as 
to weight, since in the testing of different brands this did not seem to us to be a 
factor over which we should exert control. The 50 cigarettes representing each 
brand were selected on the basis of similar package position and pairings for 
testing were made on the same basis. Statistical treatment of the results gave 
a P value of .02 indicating that a significant difference existed. Tightness of 
packing of the tobacco seemingly did not contribute to this difference since the 
mean weight of the cigarettes of one brand was 1.084 ± 0.078 gm. and that of the 
other 1.096 ± 0.073. A subsequent check on mean circumference and length 
showed no significant differences. Thus it is seen that measurable differences 
in irritating properties may exist between different brands of cigarettes. 

3. The role of hygroscopic agents in cigarette smoke irritation. This question has 
evoked considerable debate in recent years, due largely, we believe, to ihe fact 
that results obtained by previously proposed methods for evaluating cigarette 
smoke irritation have depended in most cases on visual estimation, the vagaries 
of which are well knoum. We have therefore undertaken to study this question 
by our method. Since the two hygroscopic agents most commonly used in 
cigarette manufacture are glycerine and diethylene glycol we have submitted 
these to the folloning studies. 

One lot of tobacco, of as near uniform composition as can technically be ob- 
tained, was divided into three lots. One lot was treated with glycerine in amount 
equal to 3.65 per cent by weight of the tobacco used. One lot was treated with 
diethylene glycol in amount equal to 2.74 per cent by weight of the tobacco 
used. The third lot served as a control and accordingly was not treated ivith a 
hygroscopic agent. Each of the lots was then made into cigarettes from which 
an adequate number were selected as to weight and brought to moisture content 
comparable to that normally found in market cigarettes by exposure to an at- 
mosphere of constant humidity (65 per cent relative humidity at 25°C.) The 
moisture values attained were : control cigarettes 1 1 .32 per cent, glycerine treated 
cigarettes 12.72 per cent, and diethylene glycol treated ones 12.36 per cent. 
From table I it may be seen that moisture content difference of these magnitudes 
do not significantly alter the edema-producing properties of cigarette smoke. 
Fifty such cigarettes from each lot were tested by Procedure A and in addition 
50 from each of the two lots containing hygroscopic agents were tested by Pro- 
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cedure B. For purposes of blind testing, the identity of each dot was concealed 
by code. 

Analysis of variance of the results obtained by Procedure A yielded a P value 
of about .50, indicating no significant difference in irritating properties among the 
three lots. Statistical analysis by the same method of the results obtained by 
Procedure B gave a P value of about .30 thus confirming the results obtained by 
Procedure A. It would, therefore, seem that neither of these hygroscopic agents 
contribute significantly per se toward altering the irritating properties of cigarette 
smoke. 

4, Comparison of the irritant properties of smoke solutions with those of whole 
smoke. In the introduction it was stated that the irritant properties of whole 
smoke differ markedly from those of smoke solutions. This difference is il- 
lustrated by the following experiment: 

A smoke solution was prepared by allowing the first 3 puffs of smoke from each 
of 44 cigarettes to settle by gravity onto the surface of 4 ml. (88 drops from the 
medicine dropper selected for use) of 0.85 per cent sodium chloride solution. 
After thorough agitation the solution was filtered and 2 drops (equivalent to the 
soluble ingredients in 3 puffs of smoke) were instilled into the right eye of each 
of 10 rabbits and held in place for 3 minutes. Two drops of 0.85 per cent sodium 
chloride solution were instilled into each* left eye. Following a period of one 
hour for edema development, the described tissues were excised and their water 
contents determined. The tissues exposed to the smoke solution contained 
a mean value of 1.22 ± 3.20 per cent more water than did those exposed to saline 
solution. Thus, tissues e.xposed to the soluble ingredients of 3 puffs of cigarette 
smoke showed no significant gain in water content as compared to a mean gain 
of 05.4 per cent (see figure 2) when exposed to 3 puffs of whole smoke. 

SUMMARY 

A quantitative method for evaluating the edema producing properties of the 
irritants in cigarette smoke has been described. Application of the method has 
demonstrated the following; 

1. Tightness of packing of the tobacco within a cigarette can significantly alter 
the irritant properties of its smoke. The tighter the packing the less irritating 
is the smoke. 

2. The irritant properties of cigarette smoke vary inversely ndth the moisture 
content of the tobacco smoked. 

3. Cigarettes of the same brand may be of sufficiently uniform composition 
as to constituents so that no significant difference in irritant properties of their 
smoke can be detected. 

4. The smoke from different brands of cigarettes may differ significantly in 
irritant properties, 

5. The hygroscopic agents, glycerine and diethylene glycol, do not per se 
significantly alter the irritant properties of cigarette smoke. 

G. The irritant properties of cigarette smoke directly applied arc markedly 
greater than those of comparable cigarette smoke solutions. 
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While the described method has been here directed toward measurement 
of cigarette smoke irritation, we have found that by modifying the mode of 
administration of the irritant to suit the need, the method is equally applicable 
to the measurement of the edema-producing properties of gases, vapors, and 
liquids in general. 

Acknowledgment. We are indebted to Professor George W. Snedecor, Director 
of the Statistical Laboratory of Iowa State College, for advice and aid in the 
statistical analyses used. 


BIBLIOGRAPHY 

1. Mulinos, M. G., and Osbobne, R. L.: Proc. Soo. Exper. Biol. & Med. 32: 241. 1934. 

2. Weathebbt, J. H.: J. Lab. & Clin. Med. 26, 1199. 1939-40. 

3. Flinn, F. O.: Laryngoscope 46, 149, 1935. 

4. Ballenqeh, H. C. and Johnson, V. H.: Arch. OtolAryng. 26: 75, 1937. 

5. Ballengeb, H. C.: Arch. Otolaryng. 29: 115, 1939. 

6. Pboetz, a.: Ann. Otol., Rhin. & Laryng. 48, 176, 1939. 

7. Holck, H. C. O., and Cablson, A. J.: Proc. Soc. Exper. Biol. & Med. 36: 302, 1937. 

8. Bradford, J., Harlan, W., and Hanmeb, H. R. : Indust. & Engin. Chem. 28, 836, 1936. 



THE CHRONIC TOXICITY AND PATHOLOGY OF THIOURACIL 

IN CATS 

W. T. McCLOSKY, B. D. LILLIE and M. I. SMITH 

From the Divieim of Physiology and Laboratory of Pathology, National Institute of 
Health, Bethesda, Maryland 

Beoeived for publication, October 30, 1946 

In the course of investigations on the pharmacologic action of alphanaphthyl- 
thiourea (ANTIJ) it Tras observed (1) that continued feeding of the substance to 
cats in daily doses of 10 to 20 mg. per kg. for about three weeks resulted in a 
rapidly progressive bilirubinemia with fatal termination in a few days. Histo- 
patholopc studies revealed- fatty degeneration of the liver and intrahepatic 
obstruction, -with bile casts in the bile capillaries and proliferation of small 
bile ducts. The similarity of this substance to thiouracil in chemical structure 
and the reported occurrence of jaundice in some patients treated with thiouracil 
(2) prompted this investigation. 

ExrERiisENTAi.. Twelve full grown cate weighing 2.2 to 3.2 kg. kept in individual cages 
were divided into four groups, three each, and fed daily doses of 100, 200, 300 and SOO mg. per 
kg. of thiouracil respectively incorporated into the daily ration of about 100 grams of lean 
ground beef. The animals were weighed once weekly. At frequent intervals blood exami- 
nations were made for hemoglobin, leucocyte counts, for abnormalities in stained Wright’s 
smears, and for plasma bilirubin. The feeding experiment was continued for about 7 to 8 
months. At the end of the experimental period liver function tests were made on the 
survivors by determining the rate of disappearance of a standard dose of intravenously 
injected bilirubin, by the method previously described (10). The animals were then killed 
with chloroform and histologic examination made of the liver, spleen, kidney, thyroid, 
testis, suprarenal, and pituitary. 

Resums, General symptoms and mortality. No abnormal effects were noted 
throughout the experimental feeding period in the nine animals receiving up 
to 300 mg. per kg. per day. They ate theirfood well, and maintained thejr body 
weight, or made what may be considered normal gains. Only one animal in 
this series of nine died after 2 J months. At autopsy there was a small amount 
of pericardial effusion and one M dney was much enlarged. Microscopic examina- 
tion did not reveal anything abnormal but suggested pleural and peritoneal 
exudate. It is not likely that this had anything to do with the thiouracil. All 
the other eight animals survived the full experimental period, and appeared to 
be in good condition when the experiment was terminated. The three anim alB 
receiving 500 mg. per kg. died in 38 to 90 days. 

Hematologic studies. Leucocjde counts were made at 2, 3 and 6 months after 
the start of the experiment. These varied from 7000 to 20,000 per cu.mm. The 
usual range was 12,000 to 15,000 with 50 to 80% polymorphonuclears, 5 to 10% 
eosinophiles and 10 to 40% lymphocytes. Blood smears failed to reveal any- 
thing abnormal e.xcepl for the presence of moderate degrees of snisocji.oas and 
a few HowcU-J oily bodies, which is not abnormal for cats. An occasional normo- 
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blast was found in two of the animals. Hematocrit studies made three months 
after the start of the experiment showed a range of 21 to 30% with an average 
of 25.4, and 1^ months later it was 18 to 26% with an average of 22.1%. In a 
series of seven normal cats the range was 22 to 29% with an average of 25.7%. 

Examination of the plasma for bilirubin from time to time failed to reveal 
anything beyond traces, approximately 0.1 mg. %, and in most cases it was not 
detectable at all. 

Hemoglobin determinations, in the cats receiving up to 300 mg. per kg. thio- 
uracil daily, at the beginning and the end of the experiment were as shown in 
table 1. 


TABLE 1 



DAILY DOSE 

Hb (cv. Tzs. 100) 


Initi&l 

Final 

2 

mg. per kg. 

100 

13.6 

12.5 

3 

200 

18.0 

11.5 

5 

300 

12.8 

13.2 

6 

100 

12.6 

10.0 

7 

300 

12.0 

11.0 

8 

200 

13.9 

12.0 

9 

100 

18.5 

16.5 

10 

200 

15.8 

11.0 

11 

300 

13.7 

10.7 


TABLE 2 


CAT KO. 

DAILY DOSE 

2 HSS. 

4 HSS. 


ng. Per kg. 

nig.% 

mg.% 

3 

200 

2.6 

0.7 

5 

300 

0.7 


6 

100 

0.7 

0.5 

7 

300 

0.9 

0.5 

8 

200 

0.8 

0.3 

9 

100 

1.0 

0.2 

11 

300 

0.7 

0.5 


These values are not greatly abnormal for cats, though there seems to be some 
indication of signiEcant hemoglobin reductions in three of the animals, nos. 3, 
10 and 11. 

Liver function tests. The rate of disappearance from the plasma of a standard 
dose of 5 mg. per kg. bilirubin injected intravenously was studied in seven of the 
animals at the termination of the feeding experiment. The plasma bilirubin 
concentration at 2 and 4 hours after the injection in this group of animals was as 
shown in table 2. 

In normal cats we had previously found at two hours a range of 0.4 to 0.5 and 
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at 4 hours 0.1 to 0.3 with an average of 0.2 mg. %. Retention should therefore 
be regarded as somewhat abnormal in four of the ammals, nos. 3, 6, 7 and 11 and 
this probably indicates some degree of liver dysfunction. 

Pathology. Autopsies were made on 12 cats which had received tMouracil 
over periods varying from 38 to 250 days. Four cats died at 38, 69, 79, and 229 
day's, 5 were killed after 90, 205, 214, 219, 221 and the last 3 at 250 days. Grossly, 
minor fatty changes of the Ever were inconstantly observed, icterus was noted in 
1 cat, ascites in another. The thyroid was often qmte small and hard to find. 
Testicular atrophy was noted in several male cats. Multiple yellowish miliary 
abscesses were present in the spleen in 1 cat. 

Microscopic examination included routinely the liver, lung, spleen and kidney, 
usually the adrenal, heart and thyroid, and intestine, stomach, muscle, pancreas, 
ovary, testis, hypophysis and larynx in a variable number of cats. 

The usual azure eosinate and iron hematoxylin-van Gieson stains were em- 
ployed on all tissues. Hematoxylin and oil red 0 were used on frozen sections 
of fiver, kidney, adrenal and heart. Ferrocyanide reactions were done on spleen, 
liver and kidney. Bensley Mallory anilin blue stains were tried on hypophysis 
but were found no better than azure eosin stains. Bauer glycogen stains were 
done on the livers. 

In the liver the most consistent finding was a moderate to fairly severe, fine 
and medium fat droplet infiltration of fiver cells, occurring in irregular areas, 
sometimes patchy orfooal, ctuefly periportal in3 cats, centrolobularin4. Centro- 
lobular congestion was noted in 3 cats, atrophy in 2 of them. Cytoplasmic 
oxyphilia of fiver cells in the lobule centers accompanied the centrolobular fatty 
change in 2 cats. In 1 cat, dead in 69 days after 40 doses of 500 mg. per kg., 
there was a partial portal cirrhosis. Moderate to large amounts of glycogen were 
demonstrated in the livers of 6 cats killed at 90, 205, 214, 219, 221, and 250 days, 
even though most of these showed a considerable amount of fatty degeneration. 
In the 4 cats which died only traces or no glycogen remained. This may be 
purely an autolytic change, though glycogen may remain demonstrable for con- 
siderable periods post mortem. In 2 cats killed at 250 days, glycogen was absent 
and small in amount respectively. 

Another prominent hepatic alteration was a slight to quite severe granular 
hemosiderin pigmentation of the hepatic littoral (Kupffer) cells. This appeared 
in 9 cats, and in 5 of them there was also a moderate hemosiderosb in the splenic 
pulp. 

Otherwise the spleen presented no consistent alterations. A slight to moderate 
myelosis was noted in 4 cats, focal abscesses and fibrinopurulent perisplentitis 
in 1 of these 4, follicle hyperplasia in 3 cats, and a considerable number of mast 
cells in the pulp in 2. 

The renal cortex presented the fairly heavy fatty infiltration of the epithelium 
of die convoluted tubules which appears to be normal in cats. The only patho- 
logic finding was an exudative interstitial nephritis occurring in 4 of the 12 cats, 
and accompanied by pyelitis in 2 of them. The infiltrating cells were chiefly' 
lymphocytes. In 1 case there were many plasma cells as well, and scattered 
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karyorrhectic and purulent capillary thrombi -were present. This nephritis is 
probably to be regarded as intercurrent in nature. 

The adrenal medulla ordinarily contained moderate to large amounts of chro- 
maffin substance. Usually the fascicular zone of the cortex contained consider- 
able amounts of fat and some bi-refringent lipoid, the glomerular and reticular 
zones less. In a cat which died 2 days after 1 gm./kg. dosage per day there was 
extensive necrosis, hemorrhage and calcification in the reticular zone of the 
adrenal cortices extending somewhat into the medualla in 1 adrenal and into the 
fascicular zone in both. In 8 of the remaining 10 cats in which the adrenals were 
studied, there was slight to severe interstitial fibrosis, scarring and irregular 
atrophy in the reticular zone of the adrenal cortex, and in 1 of these (214 days), 
some necrotic cells were seen. 

Heart muscle was essentially normal in 2 cats, slight to moderate, irregular or 
diffuse deposition of fine fat droplets in the muscle fibers was noted in 6 cats, and 
in 1 there was epinuclear lipochrome pigmentation. Heart muscle was not saved 
in 3 cats. 

Skeletal muscle presented no significant lesions in the 4 cats in which sections 
were made. 

Quite active mucus secretion bj» surface goblet cells and mucosal glands was 
noted in the intestine, particularly ileum and cecum, in all of the 4 oats in which 
these tissues were studied. The pancreas was normal in the 3 cats, in which it 
was studied. Stomach was noted as normal in all of 4 cats, esophagus in 2, va’-- 
ious lymph nodes in 4. 

Ovaries were noted as normal, with maturing ova and corpora lutea, in 2 cats. 
In both of these the tubal mucosa appeared rather fibrous and somewhat atrophic. 

Sections of testis were made in 3 cats. The tubules of the epididymis were 
empty. The germinal epithelium of the seminiferous tubules was atrophic, 
foamy or vacuolated and reduced in thickness and spermatozoa were absent. 
Conspicuous masses of coherent, foamy polygonal interstitial cells were present 
in all 3. 

Thyroid was sectioned in 9 cats. Acini were generally quite small, with tiny 
empty lumina and cuboidal epithelium. In most of the cats there were some 
larger acini, empty, or containing faintly to moderately oxyphil colloid, with or 
without peripheral vacuolation. 

Only 2 parathyroids were found in the thyroid sections. These were quite 
small and histologically normal. 

Hypophyses were sectioned from 4 cats. In each there were areas near the 
convex ventral surface of the anterior lobe which were composed mostly of large 
oxyphil cells. The more central portion of the anterior lobe contained a more 
nearly equal mixture of oxyphil cells, chromophobe cells and lightly basophil 
cells. In the pars intermedia the two latter cell types predominated. 

Discussion. Considering the doses given and the length of time the am'mals 
were e.xposed to the drug the effects were relatively slight. Since this work was 
completed a report has appeared bj' Aranow and associates (3) on the effects of 
feeding thiouracil up to 0.8 gm. per day to adult rhesus monkeys for 14 months. 
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No important toxic effects were observed except for a neutropenia which de- 
veloped in two of their animals. 

The adrenal cortical atrophy obsen'ed in the present series of experiments ties 
in well with other observations. Glock (4) reported suprarenal cortical de- 
ficiencj^ nith depletion of lipoids in rats fed thiourea or thiouracil. This investi- 
gator also reported depletion of liver gljmogen in chronic thiouracil poisoning 
in rats. Six of the 8 cats killed and immediately autopsied retained verj' consid- 
erable amounts of liver glycogen in our series. Raab (5) observed a decreased 
sensitivitj’- of the heart to epinephrine in normal human subjects recehing thio- 
uracil for 3 months. Marine and Baumann (6) state that the suprarenals in 
rats chronically poisoned with thiouracil presented hypertrophy of the adrenal 
medulla, the cells taking on a more intense chrome stain than normal, and suggest 
that there ma 5 ' have been an increase in the epinephrine content, since they found 
an increased amount of chromogenic substances as measured by the Folin-Cannon 
method . Essentially our histologic findings on the cat adrenals agree. It should 
be of great interest to ascertain the physiological vasopressor response in thio- 
uracil poisoned cats to minimal doses of epinephrine and other sympathomimetic 
drugs. Paschkis and associates (7) studied melanin formation in a tjTOsinase- 
tjTosine system and observed that this was inhibited by thiouracil. Inhibition 
of tjTosinase should protect epinephrine from destruction, and this might very 
well explain the foregoing obsen'ations. 

As regards the action of thiouracil on the hematopoietic sj’stem our clinical 
laboratory findings were essentially negative, although there is some eridenceof 
blood destruction in the hepatic and splenic hemosiderosis. Apparently the diet 
the cats were receiving, ground lean beef, is so adequate for this species that it 
compensated for the injurious effects that the thiouracil might have had. Vogel 
and Gavack (8) administered thiouracil to rats in doses of 50 to 225 mg. daily for 
a period up to 78 days and only found a slight decrease in the red cells and hemo- 
globin and no significant change in the leucocjde count, though bone marrow 
smears revealed a decrease in the myeloid-erj’throid ratio. The administration 
of thiouracil in the presence of dietaiy deficiencies would almost certainly produce 
an entirely different picture. 

Finally the observations of Gyorgj- and Goldblatt (9) should not pass un- 
mentioned. These observers found that 0.1% thiouracil in a cirrhosis producing 
diet in rats protected against liver injuiy. It is their opinion that by inhibiting 
thyroxine formation thiouracil lowers the metabolic rate and thus has a saving 
effect on the proteins and the amino acid methionine so essential in the prevention 
of liver cirrhosis. It may well be that the thiouracil given to our cats subsisting 
on a high protein diet had the effect of affording protection to the liver which 
might have otherwise suffered injuiy if the thiouracil had been given in a less 
favorable diet. 


SU.\ttURY 

_ Tliiouracil fed to cats in doses of up to 300 mg. per kg. per day for a period of 
7 to S months had no demonstrable toxic effects, it had no appreciable effect on 
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the hematocrit, it had an inconstant effect on the hemoglobin, no effect on plasma 
bilirabin, and ohly slight effect in delaying the rate of elimination of intravenously 
injected bilirubin in about half of the animals. Daily doses of 500 mg. per kg. 
in three cats proved fatal in 38 to 90 days. 

The significant pathologic fiAdings appear to be necroas and scarring in the 
reticular zone of the adrenal cortex, moderate fatty degeneration in the liver, with 
glycogen preservation, atrophy of the thyroid and of the seminiferous tubules of 
the testis, h 3 TJerplasia of testicular interstitial cells and a moderate hepatic and 
splenic hemosiderosis. 
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In recent years many new synthetic compounds with varying degrees of anti- 
spasmodic activity have been introduced. A comprehensive survey of those 
described before 1943 has been published by Raymond (1). Nearly aU of these 
compounds have been esters, and invariably these esters have been carboxylic 
acid compounds. The compound presented here, beta-diethylaminoethyl- 
diphenylthioacetate,' is unusual in that it is the ester of a thio-acid; it may in- 
dicate the potentialities in this field of a whole new group of compounds. It 
bears at present no commercial name and will be referred to by its serial number, 
23B. 

Chemistry. The compound 23B is the salt of a basic ester of a thio-acid, rvith 
the structural formula; 


< 0 \’ 


HO H H HCl Cs— Hs 

. il I I u-" 

C— C— S— C— C— N 

I I 

H H Cj— Hs 


It is a white crystalline compound, veiy soluble in alcohol and water, slightly 
soluble in acetone and ethyl acetate, and very slightly soluble in ether and the 
other common organic solvents. It is not recommended that -solutions of 23B 
be boiled since such treatment causes it to be broken down into the components 
of the ester. The pH of a 1.0 per cent solution is 5.2. Upon ignition the com- 
pound is completely consumed leaving no ash. 

Pharmacology. Toxicity. The toxicity of the compound was determined by 
establishing the LD50 for its administration by intravenous, intraperitoneal and 
oral routes. The animals used in these determinations were male mice, rats 
rabbits and dogs; food was withheld for 1C hours before use. In many instances 
identical tests were carried out using the drug Trasentine, Ciba, (diphenyl- 
acetyldiethylaminoethanol), which has chemical characteristics and pharma- 
cological effects similar to those of 23B (1 , 2, 3). The Trasentine employed was 
that marketed in ampuls containing ammonium chloride. The data for these 
toxicity studies are tabulated in Table 1. The method of Behrens (4) was 
used to calculate deduced mortality. 

Tlie findings on intravenous toxicity of 23B to dogs were substantiated by the 
fact that when anesthetized dogs used for other purposes were killed at the end 

‘Supplied by the research laboratories of \Vm. P. Poythre.s3 and Company, Inc., 
Richmond, Virginia. 
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TABLE I 


Toxicity of the compound SSB and of Trasentine 


ANIitAt. 

Rotnz or 

1 ADMINISTRATION 

1 

DRirc 

DOS£ 

KmiBER 01 
ANIMALS 

NtJUBEt 

DEAD 

DEODCED 

UORTALIT) 

^ LD50 


! 


fngm./kg. 



% 

mgm /kg. 




10 

20 

2 

3.9 

30.5 



23B 

20 

20 

3 

13.5 



i 

(0.1%) 

30 

20 

9 

48.3 



Intravenous 


40 

20 

16 

88.2 




10 

20 

0 

0.0 

28.7 




Trasentine 

20 

20 

3 

9.4 




(0.1%) 

30 

20 

12 

55.5 



1 


40 

20 

16 

88.6 


Rabbit 

Intravenous 

23B 

15 

10 

0 

0 

19.1 


(each injec- 

(1%) 

20 

10 

6 

60 



tion jnAOsec.) 


25 

10 

10 

100 





10 

2 

0 

0 

30 



23B 

20 

2 

1 

50 


Dog 

Intravenous 

(S%) 

30 

2 

1 

50 



(each injec- 
tion in 60 see.) 


40 

2 

2 

100 



Trasentine 

m 

2 

0 

0 

35 




(3.3%) 

HI 

2 

0 

0 



1 

1 


40 

2 1 

1 

2 

100 




23B 

100 

20 

1 

3.4 

187 



(1%) i 

200 

20 

11 

57.1 


Mouse 

Intraperitoneal 


300 

20 

20 

100 


Trasentine 

100 

20 

i 1 

2.6 

229 





(1%) 

200 

20 

6 

31.8 





300 

20 

19 

96.3 





1000 

1 

0 

0 

1500 

Rat 

Intraperitoneal 

23B 

1200 

3 

1 

15 




(5%) 

1500 

5 

1 

33 




1 

2000 

3 

3 

100 




j 

300 

20 

4 

11.8 

443 



23B 

450 

20 

11 

51.7 




1 (total vol. = 30 

600 

20 

16 

86.1 




co./kg.) 

1200 

20 

20 

98.1 





1500 

20 

19 

98.6 




23B 

300 

10 

1 

4.6 

700 

Mouse 

Oral 

! (total vol. = 30 

600 

10 

7 

40.0 




cc./kg.) 

750 

10 

3 

55.0 




1 

900 

10 

8 

90.5 
































































A NEW SYNTHETIC ANTISPASMODIC 


133 


TABLE I — Coniinved 


AKQtAl 

JtouiE or 

Aiaa5NISIJUTION 

SKUG 

DOSE 

NUMBER or 
ANIMALS 

NUMBER 

EEAO 

DEDUCED 

MORTALITV 

L05O 




pism./kg. 




mgm./hg. 



Trasentine 

300 

20 

0 


780 

Mouse 

Oral 

(total vol. = 30 

600 

20 

7 





cc./kg.) 

750 

20 

6 






900 

1 “ 

15 

84.8 

i 


1 

1 

23B 

2000 

10 

0 

0 


Eat 

Oral 

(10% in acacia) 


10 

mm 

70 






10 

O 

100 




23B 

750 

1 

0 

0 

1500 

Dog 

Oral 

(5% in acacia) 

1500 

2 

1 

50 





2000 

1 

1 

100 



of the experiment by intravenous injection of 23B, a comparable dose was found 
to be fatal. 

Animals from the same lot were used for determination of toxicities of tbe two 
drugs; one exception to this plan was the set on oral toxicity of 23B to mice in 
which the LD50 was 443 mgm./kg. This was repeated with animals of the lot 
used tor Trasentine and was found to check more properly with figures for that 
drug. 

In some cases included in the table (notably intraperitoneal injection into rats 
and oral administration to dogs) the number of animals was insufficient for arrival 
at a true LD50; the figures listed in these instances represent approximations 
only. 

Action of lethal and sub-lethal doses: Animals receiving fatal doses of the com- 
pound 23B died in convulsions of clonic character. Dogs and mice appeard to 
be more so affected than rats and rabbits. Sub-lethal doses produced nystag- 
mus, loss of equilibrium , muscular weakness and incoordination, the hind quarters 
being affected first. Vomiting was produced by large oral doses (750 mgm./kg. 
and above) presumably through gastric irritation, because it rarely occurred when 
the drug was administered parenterally. Dogs into w'hich 23B was injected 
intravenously died in about 2 minutes or were wholly recovered in 40 minutes. 
Dogs given the drug in large oral doses either died in 30 to 60 minutes or recovered 
fully in 90 minutes. Thus the toxic action of 23B, even in nearly fatal doses, 
appeared to be fleeting. 

Effect on blood pressure. Intravenous injection of the compound 23B in doses 
equal to or greater than 0.5 mgm./kg. in the dog, anesthetized with sodium pento- 
barbital, caused a transient fall of blood pressure as indicated below (25 experi- 
ments). This effect was quantitatively similar to that produced by correspond- 
ing doses of Trasentine in the amounts tested (1 mgm./kg. and less). 

Bben a fata! dose of 23B was injected intravenously there followed respira- 
toiy lialt as well as an immediate fall of the blood pressure to zero. The heart 
continued to boat during this fall. 
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DOSE 07 23B 1 

EffXCT 

0.1 

No effect 

0.5 

In general a fall in blood pressure of 2 to 10 mm. Hg, of 10 to 15 seconds’ 

1.0 

duration, occasionally no effect or a negligible rise in pressure. 

A fall of 2 to 10 ram. Hg of 10 to 15 seconds’ duration 

5.0 

A fall of 50 to 60 mm. Hg of about 2 minutes’ duration 

10 

A fall of 60 to SO mm. Hg of about 2 minutes’ duration 

20 

A fall of 100 mm. Hg of 3 to 4 minutes’ duration 


Effect on iderine muscle. In order to investigate the antispasmodic action of 
the compound 23B upon uterine muscle, experiments were arranged to compare 
its inhibitory action upon uterine contractions with that of several other antispas- 
modic drugs, particularly with the drug Trasentine, both in excised tissue and in 
the intact animal. 


TABLE II 

Aciion of antispasmodic drugs on uterine muscle 


DKUG 

ErrECTUT CO'JCENTXAIIOV 

Vs normal contractions : 
(rat uterus) 

%s BaClj 1 2000 (rat 
uterus) 

\s BaCb IrlO.OOT 
(human uterus) 

Papaverine hydrochloride 

1:133,300 

1:131,300 

1:25,000 

23B 

1:78,700 

1:80,800 

1:25,000 

Trasentine 

1:42,200 

1:46,500 

1:14,300 

Pavatrine 

1:16,600 

1:18,800 


Syntropan 

1:4,400 

1:3,600 



In vitro: In these studies isolated uterine segments from 5 month old irirgm 
rats were suspended in oxygenated Locke-Ringer’s solution maintained at 37°C.; 
the drugs to be tested were added to the muscle bath. Uterine contraction was 
recorded on a kymograph. 

Thirty-six such preparations n ere studied to demonstrate the relative efficiency 
of five antispasmodic drugs in reducing uterine contractions. Drugs were tested 
against normal contractions and against spasm created by barium chloride in the 
concentration of 1 :2,000. Results are tabulated in Table II. Figures listed are 
the minimal concentrations necessary to reduce the extent of contraction to one 
half its former value. 

In two cases, segments of human uterus- were obtained for further evaluation 
of the drug. These sections were taken from the fundus of the uterus and con- 
sisted of longitudinal strips 30 mm. by 5 mm. Drugs were tested against spasm 
induced by barium chloride 1 ;10,000. The concentrations of drugs necessarj' to 
relax such spasm are also included in the table. 

In vivo: Contraction of uterine muscle in situ was recorded in the dog and 
rabbit by means of the Jackson enterograph, and in the rat by means of Bar- 


= Courtesy of Dr. IVilliam Bickers. 
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hour’s technic (5). The latter animal and method proved to be the most satis- 
factory for our purposes and were used for the major part of the work. The 
arrangement consisted essentially of a single intact uterine horn attached by its 
distal end to a writing lever. The muscle was drawn up through an abdominal 
incision into which was fitted a glass cylinder filled with light mineral oil, which 
thus acted as a bath for the uterine horn. 

With this arrangement 50 experiments were conducted in which the effects of 
subcutaneous and intravenous doses of 23B and Trasentine were recorded. 

Normal contractions of the rat uterus could be inhibited by subcutaneous ad- 
ministration of either drug; 5 to 15 minutes after administration of 100 mgm./kg. 
of 23B complete inhibition was produced which lasted more than 250 minutes 
(fig. 1). Trasentine in the same dose had a similar but slightly less marked in- 
hibitory effect. 

Injection of 75 mgm./kg. produced temporary inhibition or a partial effect from 
which the muscle rvas able to escape from time to time. Doses of 50 mgm./kg. of 


:SB 

100 Hduyie. 

Fio. 1. Action of Subcutaneous Injection op 23B upon Normal Contraction of Rat 

Uterus 

both drugs were mildly effective, decreasing tone and amplitude slightly. Doses 
of 30 mgm./kg. administered subcutaneously had practically no effect in either 
case. 

IMien injected intravenously the drugs were effective in smaller doses. Injec- 
tion of 10 mgm./kg. of 23B markedly decreased the amplitude of normal uterine 
contractions, not quite abolishing them altogether; this effect persisted for about 
120 minutes. Trasentine given in the same dose had a somewhat less marked 
effect, reducing contractions to about one half of their former height; the duration 
of the effect was about the same as for 23B. 

In addition to testing the drugs against normal uterine contractions, their 
antispasmodic effect was compared by testing them against spasm induced by 
subcutaneous injection of 2 cc./kg. of Pitocin, N.N.R. This induced vigorous 
Contractions which were maintained for more than two hours. Both 23B and 
Trasentine in doses of 150 mgm./kg. given subcutaneously completely inhibited 
these contractions; from 5 to 40 minutes were required for the onset of the 23B 
effect and about 40 minutes for that of Trasentine. The duration of the effect 
Was verj’ long for both drugs, around 200 minutes. 

In doses of 100 mgm./kg. 23B decreased the amplitude to a state of minimal 
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contraction in 40 to 100 minutes (fig. 2). Inhibition was somewhat less than that 
pr^uced by 23B. The effect of both drugs was maintained for hours. 

r u ^ ^ mildly inhibitory action under these conditions, 

for both 23B and Trasentine. 

. °bteined with the dog and rabbit as experimental animals were con- 

sistent wath the above. 

Effect on the gasto-intestinal tract. A series of studies was made on the action of 
e compoun ^ and that of Trasentine upon contraction of intestinal muscle; 
ese were earned out in several ways, preliminary tests performed in vitro, acute 

and e.xperimentation ivith dogs bearing 
I e g ja loops. In eases in w’hich uterine and intestinal records 

were made simultaneously, it could be clearly seen that both drugs e.xerted a 

more powe u action upon intestinal movement than upon contraction of uterine 
muscle. 




Zid 

*00 MOM /KG 


Fio 2 Action or Sotcotaneous Injection op toon PxToaN-SH.\mi,ArED Co.vtkac- 

TION OF Rat Uterus 

^ e.xperiments were carried out in W'hich sections of e.\'cised rabbit 
n^r T7h Locke-Ringer’s solution and tested in the same man- 

dLw L the muscle was fimt in- 

ced by acetylcholine bromide m a concentration of l ;1,000,000. The minimal 
effective dose of each of four drugs was determined: 


SitLC 

ZFfi:CTl\'E COVCENTHATION 

Papaverine hydrochloride 

23B 

Trasentine 

Pavatrine 

1:133,000 

1:200,000 to 1:400,000 
1:80,000 

1:19,000 


. 11 , X- Tff “‘'^‘‘■^^ssaucsineuzeawntn sodium pentobarbital, 

the action of the compound on intestinal movement was investigated with the aid 
of the spasmogenic drugs, physostigmine and pilocarpine. 

hen pilocarpine hydrochloride was injected intravenously (0.1 mgm /kg ) an 
increase of tonus of the intestine resulted which could be abolished for 30 minutes 
by the intravenous injection of 1 mgm./kg. of 23B. Under the same circum- 
stances 0.1 mgm./kg. of atropine sulfate was less effective but its action endured 
for a longer time. 
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Twice this dose of pilocarpine (0.2 mgm./kg.) was used as the spasmogenic drug 
in a comparative study of 23B and Trasentine. Equal doses of these two drugs 
produced equal responses in the same animal; however, there was much variation 
among the various dogs’ reactions. The minimal effective dose of both drugs 
appeared to be about 0.5 mgm./kg.; this produced partial relaxation of the pilo- 
carpine-stimulated muscle in most cases. 

Heightened tonus was also induced by intravenous administration of physo- 
stigmine salicylate. When 0.1 mgm./kg. of this drug was injected the resulting 
increase of tonus could be reduced by 1 mgm./kg. of 23B; for about 100 minutes 



ViT WM 


tit sse 236 23B 638 

02 UC« *6 OS«0«/« 04MfiM/KG 04M&¥/i«. OSttOMKO O5M0M/1(G 



I 40 MM HC 

l-Kojpro^r-- 






1 •^WSTiewm TUUKIKE r»»StNt« riU5i>l'««e fSMlB'HIE IRtSCKTINE 

I— r 1 1 1 u I ■ 1 1 1 n 

Flo. 3, Effect of Intravenous Injection of 23B and of Trasentine upon Blood 
Pressure, Uesfiration and Intestinal Tone in the Doo 


thereafter additional physostigmine was without effect on the intestine. With a 
larger dose of physostigmine (0.2 mgm./kg.) the administration of 1 mgm./kg. 
of 23B was followed by a prolonged fall in tonus level. 

This last-mentioned dose of physostigmine salicylate (0,2 mgm./kg. given 
intravenously) was employed in a relatively accurate comparison of the antispas- 
modic effects of the two dnigs 23B and Trasentine upon the gastro-intestinal tract 
of the anesthetized dog. Five minutes after the injection of phj'sostigmine, one 
of the dnigs to be tc.stcd was injected (0.5 mgm./kg.); this was repeated at 5 
minute intervals until 5 injections of the dnig had been made (fig. 3). Five such 
assays were conducted ; both dnigs were tested on each animal used, the order of 
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their administration being reversed in successive cases. An immediate drop in 
tonus resulted from each such injection producing a stepwise dissolution of the 
physostigmine stimulation. 

The compound 23B showed a slight advantage over Trasentine in these assays. 
The third or fourth dose of 23B generally brought the state of tonus down to its 
original level, whereas Trasentine required 5 doses for this action, or, as in two 
cases, never accomplished it at all. Recovery from the action of the drugs was 
rapid, occurring in about 15 minutes in the case of 23B and in 5 to 10 minutes in 
the case of Trasentine. In many instances, vith both drugs, the action of 
physostigmine was still obvious after the disappearance of the effects due to the 
antispasmodic drugs. 

In dogs with Thiry-Vella loops: The compound 23B and Trasentine were used 
in a study on unanesthetized dogs in which subcutaneously placed Thiry-Vella 


/I 

' 23 B 

5 mgm/kg. 


23 B 
2.5 


Fig. 4. Effect of Intravenous Injection of 23B upon Intestinal Tone in Thirv- 
Vella Loop of the Unanesthetized Dog 

loops of intestine had been constructed. The effect of 23B upon the normal con- 
traction present in the loop and that of both drugs upon the increased contraction 
stimulated by the administration of phj’^sostigmine were investigated. An intra- 
venous dose of 23B equal to 5 mgm./kg. was sufficient to reduce normal contrac- 
tion to a minimum (fig. 4). VTien contraction of the intestinal segment was 
produced by intrav'enous administration of 0.2 mgm./kg. of physostigmine, this 
stimulation could be reduced or inhibited by intravenous injection of 5 mgm./kg. 
of 23B. The effect of this dose of 23B was consistently greater than that of a 
corresponding dose of Trasentine. 

Prevention of diarrhea: Antispasmodic agents may be expected through their 
reduction of intestinal tone to counteract to a certain extent the effect of laxative 
drugs. Use was made of a technic introduced by Geiger (6) and improved by 
Hazelton and Fortunate (7) and by Grote and Woods (8) for studying diarrhea 
in mice in a series of four experiments; in these the ability of the compound 23B 
and Trasentine to check or prevent diarrhea induced by administration of senna 
was measured. 

All mice were given by oral dosage 500 mgm./kg. of standard Tinnevelly senna 
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powder* in suspension. The per cent incidence of diarrhea resulting from this 
dose varied considerably among the various groups of mice studied. In the first 
experiment 50 mice were treated with senna alone; 50 were given senna to which 
was added 23B so that it was administered in doses of 10 mgm./kg.; 50 mice 
were given senna mixed with Trasentine in the same dosage. In the second 
experiment this procedure was repeated with a higher dosage of the antispasmodic 
drugs, 50 mgm./kg. 

It was found that mixing the drugs with senna tended to inactivate them in 
some way (as tested upon the rat uterus in \itro) ; this change wms apparently not 
due to any alteration of pH of the solutions. It was necessary therefore to pre- 
pare and administer the drugs separately. One hour after administration of 
senna one of the two antispasmodic agents (10 and 50 mgm./kg.), or a comparable 
volume of Ringer’s solution for the controls, was given orally. The results of the 
four experiments are tabulated in Table III. 


TABLE HI 

Effectiieness of SSB and Trasentine tn checking diarrhea tn mice 
All mice received 500 mgm /kg. senna 



liJCIDESCZ or niAERHEA JV m CEKT OT CASES 

DOSE 





Control 1 

2JB 

Trasentine 

10 mgm /kg. mixed with senna 

70 

54 

56 

50 mgm./kg. mixed with senna 

61.3 

50.7 

60 

10 mgm /kg. given separately | 

62 

46 

SS 

50 mgm /kg. given separately 

82 

50 

68 


When the drugs were given an hour after dosage with senna their effectiveness 
became apparent. The incidence of diarrhea in mice treated with 10 mgm./kg. 
of 23B was 74.2 per cent of the incidence of diarrhea among the control mice; that 
among mice given 50 mgm./kg. of 23B was 61 .0 per cent of that among control 
mice. Mice treated with 10 mgm./kg, of Trasentine showed diarrhea with 93.5 
per cent of the frequency of its appearance among control mice; when Trasentine 
was given in doses of 50 mgm./kg. the incidence of diarrhea was reduced to 82.0 
per cent of the control value. 

Among mice showing diarrhea, the severity was somewhat lessened in animals 
treated with the antispasmodic drugs as compared with those receixing only 
senna. 

Antisialogoguc effect. An undesirable side effect of many of the spasmohdic 
drugs is the atropine-like drjing of secretions. A comparative study xvas made 
of the action of 23B, Trasentine, and atropine upon salivarj' flow in a series of 
experiments on anesthetized dogs. Vi’harton’s duct was cannulatcd and con- 
nected with a Gibbs drop recorder (9) arranged to indicate salivarj’ flow on a 

* Obtained tiirough the courtesj of I. W Grotc and Maribelle Woods 
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kymograph. Simultaneous records of sab'vation, blood pressure and intestinal 
movement were made. Salivary flow was induced by the intravenous injection 
of a 0.1 per cent solution of pilocarpine in the amount of 0.2mgm./kg.; this 
caused a rapid flow lasting about two hours. When the injection of this amount 
of pilocarpine was followed after three minutes by intravenous injection of 0.5 
mgm./kg. of 23B the sahvary flow decreased or was inhibited altogether, accord- 
ing to individual variation among the animals, and resumed normal flow after 
15 to 30 minutes. In each dog the antisialogogue effect of both 23B and Trasen- 
tine was tested against pilocarpine, the order of their administration being 
alternated in successive experiments. In these experiments the antisialogogue 
action of the compound 23B was slightly greater than that of the same dose of 
Trasentine. The decrease in salivary flow produced bj'- 0.5 mgm./kg. of 23B 
corresponded to that produced by 0.0025 to 0.005 mgm./kg. of atropine sulfate; 
thus it appears to have onlj' 0.5 to 1 per cent of the antisialogogue effect of that 
drug. 

Irrilalion. The compound 23B acts as a local irritant in concentrations of 0.5 
per cent and above. Six rabbits were used in an experiment in which intradermal 
injections of 23B and Trasentine were made. The drugs were dissolved in 
Ringer's solution to each of the following concentrations: (a) 5 per cent (23B 
only), (b) 1 per cent, (c) 0.5 per cent, (d) 0.1 per cent and (e) 0.01 per cent. Con- 
trol injections of Ringer’s solution were also made. All injections of either drug 
in concentrations of 5, 1, and 0.5 per cent produced local necrosis and sloughing 
of decreasing severity in the order named; the areas healed in about two weeks; 
induration and scar tissue remained thereafter. Little or no hyperemia was ob-. 
served. The two drugs caused equal reactions in the same animal in all cases. 
In three of the animals the reaction to both drugs in 1 per cent dilution was very 
mild and in two animals it was moderate. In no case was there a reaction from 
the injection of either drug in concentrations of 0.1 per cent or less. 

Irritation produced by local application was further investigated by dropping 
various concentrations of the compound 23B into the eyes of twelve rabbits. 
The left eye of each rabbit was used as a control, being treated with Ringer’s 
solution. The folloving dilutions of the drug were used: (a) 2 per cent, (b) 1 per 
cent, (c) 0.5 per cent, (d) 0.25 per cent and (e) 0.125 per cent. In each case, three 
drops of such a solution were allowed to remain in the eye for three minutes, after 
which it was washed out with Ringer’s solution. The strongest solution (2 per 
cent) produced marked edema and inflammation lasting more than four hours. 
Application of the 1 per cent solution produced moderate edema of 2 to 25 hours’ 
duration and moderate inflammation of 1 to 2 hours’ duration. The 0.5 per cent 
solution caused mild edema and inflarhmation (absent in one case) lasting about 
30 minutes. Solutions of 0.25 and 0.125 per cent strength did not irritate the eye. 
The compound did not produce corneal pitting in any of the concentrations used 
here. 

Multiple intravenous injections of strong solutions (1 to 5 per cent) of 23B 
resulted in local sclerosis of the vein at the site of injection. 

Local aneslhclic effect. The compound 23B is an effective local anesthetic, as 



A NEW SYNTHETIC ANTI6PASJ40DIC 


141 


demonstrated by the test to be described. A comparison of its anesthetic action 
was made with that of cocaine hydrochloride as a standard of reference. Twelve 
rabbits were used; the right eye of eadh was treated with Binger’s solution to 
serve as a control. 23B in the following series of concentrations was allowed to 
remain in the test eye for three minutes; (a) 2.0 per cent, (b) 1.0 per cent, (c) 0.5 
per cent, (d) 0.25 per cent, and (e) 0.125 per cent. The comeal reflex of each eye 
was tested before application of the drug and at 5 minute intervals thereafter. 
After application of the 2.0 per cent solution of 23B the cornea remained thor- 
oughly anesthetized for 75 minutes, and returned to its normal condition only 
after 210 minutes. Upon application of the 1.0 per cent solution, complete cor- 
neal anesthesia persisted for 34 minutes, and recovery of normal reflexes occurred 
102 minutes after removal of the drug. With the 0.5 per cent solution complete 
anesthesia lasted for 27 minutes and reflexes returned to normal after 88 minutes. 
The 0.25 per cent solution caused complete loss of reflexes for 11 minutes, and 
recovery of the normal condition after 34 minutes. The weakest solution used, 

0.125 per cent 23B, produced only a partial loss of the corneal reflex, returning to 
the full response after 19 minutes. 

Upon comparison of these results with those obtained in a similar series using 
cocaine hydrochloride as the anesthetic agent, it was shown that the standard 
anesthetic action of 1.0 per cent cocaine was duplicated by that of 0.125 per cent 
23B. 

It may be pointed out that this drug, when applied locally to the rabbit eye, 
IS an effective local anesthetic over a range including non-irritant doses. 

Effect upon pupillary size. The compound 23B, when instilled into the rabbit 
eye, had no observable effect upon pupillary size or upon the light reflex. Six 
rabbits were used as experimental animals; the right eye of each was untreated 
except for instillation of Ringer’s solution and sen'ed as a control. Into the left 
eye of each was placed 3 drops of one of the following dilutions of 23B: (a) 2.0 per 
cent, (b) 1.0 per cent, (c) 0.5 per cent, (d) 0.25 per cent, and (e) 0.125 per cent. 
Tile drug was allowed to remain in the eye for 3 minutes and was then washed out 
with Ringer’s solution . The diameter of the pupil was measured both before and 
at regular intenmls after application of the drug, and the light reflex ivas tested 
in both control and experimental eyes throughout the experiments. In no case 
was there any apparent effect, even when the drug solution was strong enough to 
irritate the eye. 


SUMMARY 

1 . The pharmacological effects of Beta-diethylaminoethyldiphenylthioacetate 
hydrochloride (23B) as an antispasmodic drug were investigated. 

2. The toxicity of the compound as expressed in terms of LD50 was relatively 
low. The LDoO by intravenous administration was 30 mgm,/kg. for the dog, 
19.1 mgm./kg. for the rabbit, and 30.5 mgm./kg. for the mouse. Tiie LDoO by 
intrapcritoneal administration was 1500 mgm./kg. for the rat, and 187 mgm./kg. 
for the mouse. The LD50 by oral administration was approximately 1500 
mgm./kg. for the dog, 2720 mgm./kg. for the rat and 700 mgm./kg. for the mouse. 
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3. Intravenous injection of the compound produced a transient drop in blood 
pressure proportional to the dose. 

4. In the excised rat uterus, addition of the compound 23B to the muscle bath 
reduced the muscle tone and amplitude of contractions. A concentration 
1:78700 or less reduced normal contractions to one-half their former amplitude. 
A concentration of 1:80800 reduced muscle spasm produced by barium chloride 
1:2000 to one half its tonus level in 15 minutes. 

5. In the intact rat, subcutaneous administration of 50-100 mgm./kg. of the 
drug reduced or inhibited uterine contraction. A dose of 75 to 100 mgm./kg. 
reduced or inhibited spasm produced by administration of Pitocin. 

6. In the anesthetized dog the effect of the drug upon intestinal motility was 
tested. Intravenous doses of 0.5 to 5 mgm./kg. resulted in partial or complete 
inliibition of intestinal movement, both that normally present and that stimu- 
lated by physostigmine. The drug had more effect upon intestinal muscle than 
upon uterine muscle in the same animal. 

7. Normal intestinal contraction in the Thiry-Vella loop of the unanesthetized 
dog could be inhibited by intravenous administration of 5 mgm./kg. of 23B. The 
same dose reduced the stimulated contraction induced by physostigmine. 

8. The compound 23B was effective in checking diarrhea in mice. The inci- 
dence of diarrhea produced by 500 mgm./kg. of senna was reduced to 61 per cent 
of the incidence among control animals by administration of 50 mgm./kg. 
of 23B. 

9. The decrease in salivary flow produced by 0.5 mgm./kg. of the drug corre- 
sponded to that produced by 0.0025 to 0.005 mgm./kg. atropine sulfate. 

10. Local irritation of the rabbit skin and of the rabbit eye was produced by 
solutions of the drug of 0.5 per cent strength or greater. 

11. The local anesthetic effect of 1.0 per cent cocaine hydrochloride was dupli 
cated by 0.125 per cent 23B. 

12. The drug had no effect upon the size of the pupil of the rabbit eye. 
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In 1937 Karrer (1) isolated a new glycoside from the leaves of digitalis purpurea 
and named the compound "di^nin”. The glycoside is crystalline and obtained 
in good yield; 5 to 10 grams per 100 Kg. of dried leaves. Diginin differs from the 
more common glycosides of digitalis, in that it is not a lactone. It is decom- 
posed by dilute mineral acids into diginose and diginigenin. The genin appears 
to be a pregnane derivative (2). 

Our attention was drawn to this glycoside because it was reported to give a 
positive Legal’s reaction and yet have little cardiotonic activity. The presence 
of such a glycoside in digitalis in quantities comparable to the highly active 
cardiotonic glycosides appeared to be an obstacle to the recently developed 
chemical assay of di^talis (3 and 4) based upon the Baljet reaction. Accordingly 
we decided to investigate the glycoside phannacodynamically and its behavior 
toward the Baljet reagent. 

Properties of diginin. The diginin used in these studies was supplied by Dr, 
W. Karrer of Basle. The glycoside occurs in large, colorless well-formed crys- 
tals. It is very difficultly soluble in water, but readily soluble in alcohol and 
chloroform and less soluble in acetone and ethyl acetate. Its optical rotation 
is (o:)“ — 176° (37 per cent alcohol solution). 

Hagemeier (5) has studied the Baljet reaction of twenty glycosides and genins 
including most of the important digitalis derivatives. He has also reported that 
the color intensity produced by diginin and the Baljet reagent was the highest 
of all the glycosidal substances he examined. No specific data are given for this 
substance but it is assumed that it was examined in an aqueous solution of very 
high dilution. 

We have examined solutions of diginin in absolute methanol containing 5, 
10, 15, 20, 25, and 30 mg./lOO cc. by the method pre\’iously described (6). 
In Chart 1 typical time-optical density curves are given for diginin solutions of 
the six concentrations. 

The cur\'e for each concentration shows rapid color development within the 
first 10 or 20 minute period of the experiments and, in this respect, corresponds 
to the behavior of the other digitalis substances which we have examined under 
similar conditions. However, beyond this point the curv'es show a gradual in- 
crease in color intensity tlmoughout the remainder of the 100-minute inten’al. 

• The expense of this investigation was defrayed in part by a grant from the Board of 
Trustees of tlic United States Phannacopoeial Convention. 

The diginin used in these studies was kindly supplied us by Dr. Karrer of Basle through 
the HoiTman LaRochc Co. of Nutlcy, N. J. 
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The color intensities produced by other digitalis glycosides and genins reached 
a maximum value after 20 to 40 minutes and then either remained constant or 
showed a gradual decrease with time. 

' In Chart 2 the 30-minute optical density readings for each of the six solutions 
in Chart 1 have been plotted against the corresponding concentration. The locus 
of these points shows only a slight curvature and it is seen that the color pro- 
duced by the diginin solutions in these e.\-periments follows fairly closely the 
Beer-Lambert law. This obsen^ation is in marked contrast to the behartor of 



Chart 1. Diginin Solutions in Absolute Methanol 

A = 30 mg./lOO cc. 

B = 25 mg./lOO cc. 

C = 20 mg./lOO cc. 

D = 15 mg./lOO CO. 

E = 10 mg./lOO CO. 

F = 5 mg./lOO CC. 

the other digitalis principles under similar experimental conditions. This fact 
is shown verj’ clearly in Chart 2 by comparing a typical digito.xin cun’e with the 
diginin cuive. The cuives in Chart 2 also show that, on a weight basis, the color 
intensities of the digitoxin solutions are approximately twice those of the cor- 
responding diginin solutions. On the basis of information now available con- 
cerning the structure of diginin and if one assumes the presence of one mole of 
diginigenin for each mole of diginose then a molecular weight value of appro.x- 
imately 500 is obtained for the glycoside. Since digito.xin has a molecular weight 
of approximately 750, it is seen that if the curves in Chart 2 are plott"'' — *'■" 
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basis of molar concentrations the diginin will show a color value approximately 
one-third of that of diptoxin. 

Eledrocardtographic studies (dog). Under ether anesthesia four dogs rrere 
given diginin and diptoxin intravenously and electrocardiographic tracings 
taken at various intervals. The solution of each glycoside was in 20 per cent 
alcohol made isotonic noth sodium chloride. The digitoxin content was 0.1 
mg./cc. and the di^in 0.2 mg./cc. In the first dog 200 cc. of the diginin solution 
were injected -Rothout alteration to the cardiac rh}^;!^!. When digitoxin was 



Chart 2 
A = Diginin 
B >= Digitoxin 


substituted for diginin solution the R-spike was depressed, the rate slowed, the 
polarity of the heart reversed and death was preceded by ventricular fibrillation. 

In dog 2 (4.4 Kg.), digito.^n was injected — the animal died, after 44 cc. had 
been injected. The typical digitorin effects Lead II are shown in Chart 3. 

In dog 4 (4.7 Kg.) diginin 0.4 mg./cc. was injected, 20 cc. in 5 minutes and 
records were each 5 minutes until the animal died. One hundred and 
twenty cc. of diginin solution wore required to produce death. Chart 4 shows 
the electrocardiographic tracing Lead II after 110 cc. and just prior to the death 
of the animal. 
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Perfused frog’s heart. Fromherz (7) reported that diginin was comparatively 
weak in his tests on frogs by the typical as£a5' procedures. This was obser\'cd 




/ .' / / / / / , ^ ^ 


Dog #2 — Normal Lead II 
Female 4.4 Kg. 


Chart 3 

Lead II after 1 mg./Kg. 
Digitoxin. Just prior to death. 




I ' 


Lead II 

Dog #4 — Normal 
Female 4.7 Kg. 



Chart 4 

Lead II after 10 mg./Kg 
Diginin. Just prior to death. 



Chart 5. Perfusio.v avith a Solution* of 2.5 ,mg./100 cc. Digito.xin* in 
Howell-Ringer’s Solution at Arroav 

Time in seconds. 


bj* Chen (S). We compared the effects of diginin with those of digitoxin in 5 
typical perfusion experiments tn situ. The glycosides were dissolved in hO per 
cent alcohol and diluted to a concentration of 5 mg./lOO cc. v, ith HowcII-Ringcr’s 
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solution: in each instance the alcoholic content of the perfusion fluid was o per 
cent. 

Tj'pical effects of the two glycosides are shown in Charts 5 and 0. 

Cat assay. We attempted to determine the lethal dose of diginin to the cat 
when the glycoside was injected by the U.S.P. digitalis assay procedure. In 
7 animals no concordant value could be obtained. Using higher concentrations 
of the glycoside diginin, 2 animals succumbed at approximately 8 mg./lvg. No 
lethal dose could be attained in the other 5 animals. This was also obsen'ed by 
Chen (8). 


Chart 6. Perfcsiox with Socvtiox of 5 mg./IOO cc. Digixix is 
H owELi/-Rn;cER’s Solctiox .at -Arrow 

. Perfusion with Howeli -Ringer's solution resumed at second arrow with recovery. Time 
m seconds. 

Discussion’. In its behavior toward the Baljet reagent it is apparent that 
diginin assumes a unique position among all of the ditigalis principles which we 
have examined. On either a weight or molar basis, its solutions show the 
lowest color values that we have observed. It is the only digitalis glycoside we 
have e.xamined for which the Baljet color reaction appro.ximates the Beer- 
Lambert law. Although Hagemeier reported a maximum color intensity for 
diginin as compared with other digitalis substances it should be emphasized that 
his obserA’ations were probably made in aqueous solution and in concentrations 
were probably made in aqueous solution and in concentrations ten-fold more 
dilute than those used in our experiments. 

The importance of this behavior of diginin with lespect to our previously 
published methods for the assay of digitalis tinctures and digitoxin is self- 
ertdent. The assay value obtained by cither method represents a summation 
of all of the chromogenic substances present regardless of their cardiotonic 
activity. We proceed with caution in interpreting the experimental results of 
this communication in terms of the much more complex conditions that prevail 
in the tincture assay. 

Certain generalizations appear ju.slifiabic. All leaf preparations and their 
tinctures probably contain diginin. The error in tlie assay value owing to the 
presence of diginin will be dependent upon the relative amounts of this glycoside 
present in the sample being assayed and in the U.S.P. Reference Standard 
Digitalis. To account for the generally higher assay values obtained by the 
colorimetric method as compared with the official hioassay method on the basis 
of the presence of diginin, would require the assumption that most of the prepa- 
rations a.‘=.sayed contained relatively more diginin fiiat the U.S.P. Reference 
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Standard Digitalis. It appears probable that a gross imbalance in this diginin 
ratio would be required to produce a significant error in the final assay. 

With regard to the colorimetric method of assay of digitoxin and its tablets, 
the effect of the possible presence of diginin as an impurity on the assay value 
obtained is rather obvious. In this case the experimental conditions of our 
diginin measurements closely parallel the assay procedure. The presence of 
diginin would lead to high assay values, but the error is of limited significance. 
Thus, assuming that the chromogenic values for diginin and digito.xin are ad- 
ditive in the experimental procedure employed then pure digitoxin contami- 
nated -with 5 per cent of diginin would 3 deld a calculated assay value of approx- 
imately 97.5 per cent instead of the true value of 95 per cent. 

Our pharmacodynamic studies on dogs, cats and the perfused frog’s heart 
confirm the work of Fromherz and also Chen, on the injection of diginin into 
frogs, namely, that this glycoside exhibits little toxicity and manifests only a 
semblance of digitoxin activity. 

On the perfused frog’s heart produced only a slight diminution of the amplitude 
of beat, whereas digitoxin in the same concentration produced a rapid cardiac 
stoppage. In Chart 4 the effect of diginin on the dog’s electrocardiogram is 
shown. The glycoside during the 30 minutes of injection gradually slowed the 
cardiac rate from 200 per minute to 100 per minute. The P-R interval was in- 
creased from 0.08 second to 0.12 second. The P-wave was depressed and the R- 
spike diminished about 30 per cent of its normal value. The T-wave remained 
positive. Depression of the S-T segment is present. Cardiac stoppage occurred 
without irregularity of rhythm or change in the electrical potential of the heart 
with 10 mg./Kg. of diginin in contrast to the digito.xin terminal cardiac picture 
with 1 mg./Kg. 

Thus as diginin was found to be unique among the purpurea glycosides with 
respect to the Baljet reaction, it appears biologically unique in this group of 
cardiotonic principles. When sufficient quantities of the glycoside are available 
we propose to e.xplore its therapeutic possibilities clinically. 

SUMMARY 

]. The reaction of diginin to the Baljet reagent has been studied and com- 
pared with the other glycosides of digitalis purpurea. 

2. Diginin was found to give a very weak Baljet reaction and pharmacodynam- 
ically it appeared to be devoid of a typical digitoxin-like action on the heart. 
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A METHOD OF SCREENING SYMPATHOMIMETIC AMINES 
FOR STIMULANT ACTION ON THE CEREBRUM 

NANCY V. CLYMER and JOSEPH SEIFTER 
Wyeth Institute of Applied Biochemistry, Philadelphia, Pennsylvania 

Received for publication November 12, 1946 

A need for a rapid method of screening a series of sjonpathomimetic com- 
pounds in order to compare possible stimulant action on the cerebrum to that 
of amphetamine and d-desoxy-ephedrine prompted the work contained in this 
report. The methods based on measuring increased activity of mice (1) and 
rats (2) did not appear selective enough since drugs like cocaine and caffeine 
also increase general activity. Selle’s (3) observation of drooped wings, ataxia, 
excitement, and twittering in chicks that had received amphetamine led to the 
Use of the chick as an experimental animal. 

We tested numerous compounds selected to give a spectrum of pharmaco- 
logical actions. In all, 60 compounds including the more commonly used sym- 
pathomimetic amines were tested. 

Experimental. Chicks one day to five days old, chickens older than three 
"eeks, squabs, pigeons, canaries, and day old ducklings were used. A solution 
containing 2-10 mgm. of a compound was injected beneath the skin of the axilla 
m all birds. In addition various combinations of drugs were tested as was 
bilateral extirpation of the cerebral hemispheres. 

Results. Chicks react to amphetamine in a manner which is v'ery easy to 
observe. The syndrome produced by injecting 2-5 mgm. of amphetamine into 
young chicks has three stages of development. The first two stages take place 
about one to two minutes after injection and consist of vigorous head movements, 
rufiled feathers and increased general activity. This is accompanied bj' a for- 
ward tilt of the body and drooping wings. The third stage, in the majority 
of cases, is experienced three minutes after injection. It is the crucial test for 
^phetamine action. Under the influence of the amphetamine, the ordinary 
intermittent peeping of the chick becomes a continous twitter, about 250 times 
per minute. At times the twittering even becomes a warble. This twittering 
reaction may last as long as one hour. 

The appearance of comeal anaesthesia and a failure to respond when the 
toes and legs were pinched was noted at the height of the amphetamine action. 

Among all the other compounds tested, some produced no reactions at all 
Similar to the three stages of amphetamine, some produced parts of the three 
stages, and others showed almost opposite effects. Among the latter were 
synephrine and neo-synephrine which caused Icthargi' and a type of posture 
resembling that of a setting hen. Only dl-araphetamine, d-amphetamine, 
d-deso.xyephcdrinc, beta-phenyl alpha amino butane, beta-phenyl tertiary 
butyl amine, consistently produced twittering along with the rest of the amphet- 
amine syndrome. 
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TABLE 1 


DRUG 

UGU. 

per ch 

NO. 

CH 

T 

PW 

E 

c 

t 

T 

OTHER EfTECTS 

Acetanilid 

2 

5 

0 

0 

0 



0 


N-Acetylamphetamine 

2 

5 

0 

0 

0 



0 


Acetylcholine Chloride 

2 

5 

0 

0 

0 

0 

0 

0 

Apnea, visible distcn- 

Acetylsalicylic Acid 

2-20 

5 

0 

0 

0 

0 

0 

0 

sion of blood vessels 
in legs, swelling, sail- 
ration, muscular 
weakness 

AminopjTine 

2 

9 

1 

0 

0 

0 


0 


dl Amphetamine 

2 

20 

20 

20 

20 

7 


1 

Absence of corneal re- 

d Amphetaminoflceto- 

2 

5 

0 

0 

5 

5 


0 

flex, analgesia 

piperidide 










Amphetaminoacetodi- 

2 

5 

0 

0 

0 

5 

0 

0 


cthylamide 










Amphetaminoacetodi- 

2 

s 

0 

0 

0 


0 

0 


phenylmethylamide 










Antipyrine 

2-)0 

7 

0 

0 

0 


0 

0 


Arecoline HBr 

2 

5 

0 

0 

0 


0 

5 

Dyspnea 

Atropine Sulfate 

2 

5 

0 

0 

0 


0 

0 

Barium Chloride 

2 

5 

0 

0 

0 

5 

0 

0 


Benadryl 

1-2 

15 

0 

IS 

15 

15 

0 

1 


Caffeine 

2 

0 

0 


0 

0 

0 

0 


Cobefrine 

2 

5 

0 


0 

Kl 

5 

5 

Comatose 

Cocaine 

2 

5 

1 


0 

S 

0 

5 

Startled chick 

Curare (intocostrin) 

2 r 

5 

0 


0 

II 

0 

5 

Slow, shallow respira- 

d-Desoxyephedrine 

2 

5 

5 

5 

5 

H 

0 

0 

tion 

Diethylaminoacetoam- 

2 

5 

0 

0 

0 

il 

■a 

0 


phetamide 










Dilantin 

2 

5 

0 


11 

1 

1 

0 


Ephedrine Sulfate 

2 

10 

0 


II 


Dl 

0 


Epinephrine HCI 

0.05 

0.5 

7 

0 


1 


7 

0 

Blanching of legs and 

Epinine HCI 

2 

5 

0 


i 


0 

0 

toes, lethargic 

Ergotamine 

0.1 

5 

0 

1 

1 


4 

0 

Comatose 

F S?3 

2 

5 

0 

0 

5 

0 

0 

0 


F 933 

2 

5 

0 

0 

0 

D 

5 

0 

Diarrhea 

Guanidine HCI 

2 

5 

0 

0 

0 

Hi 

0 

0 


Histamine 

0 2-5 

6 

0 

0 

0 

0 

□ 

0 

Swelling feet 

Hyoscine HBr 

2 

5 

0 

0 

0 

O 

H 

0 

Spastic Gait 

Insulin 

16 r 

5 

0 

0 

0 

0 

0 

0 


Mecholyl 

2 

5 

0 

0 

0 

0 

Q 

1 

Apnea, diarrhea, sali- 

Metrazol 

2 

5 

n 

0 

0 

1 

0 

0 

ration 

Morphine 

2 

5 

0 

0 

0 

0 

5 

0 


Neo-s^mephrine 

2 

10 

0 

0 

0 

0 

SI 

0 


Nicotine 

2 

5 

11 


0 


m 

5 
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TABLE 1— Concluded 


x>*uc 

itCiS. 
PEK CH 

KO. 

CH 

■ 



■ 

B 

r 

OTHER ErrECTS 

Papaverine 

2 


0 



0 

0 

0 

Apnea, salivation 

Paredrine 

2 


2 



0 

0 

0 


Pavatrine 

0.2 


0 



0 

0 

0 


(Beta)phenylalpha- 

2 


5 

5 

5 

0 

0 

0 

Identical with amphet- 

aminobutane 

(Bcta)phenv-lalpha- 

1-2 


0 

0 

0 

■ 

0 

3 

amine 

aminopentane 






MM 




Beta Phenyl tertiary 

2 

1 

0 

1 

1 


0 

0 


bntj-lamine 

4 

1 

0 

1 

1 

H 

0 

1 



1 

4 

4 

4 

B 

WM 

0 

0 

Twitter may not be as 

Picrotoxin 

2 

5 

0 


0 

1 

0 

0 

constant or as intense 
as amphetamine 

Pilocarpine 

2 

5 

0 


0 

0 

0 

0 

Paralysis, blindness, 

Piperidinoaceto- 

2 

5 

0 

0 

0 

0 

0 

0 

depression 

amphetamide 










Piperidinoaceto- 

2 

5 

0 

0 

0 

0 

0 

0 


piperididc 










Physostigmine 

2 

a 

0 

5 

0 

6 

0 

5 


Procaine 

2 

5 

0 

0 

0 

0 

6 

0 

Muscular weakness 

Propadrine HCl 

2 

5 

0 

0 

0 

0 

0 

0 


Propylamphetamine 

2 

5 

0 

0 

0 

0 

0 

0 


Prostigmine 

2 

5 

0 

0 

0 


Bl 

5 

Lachrymation, apnea 

Sodium bisulfite 

3/200 

5 

0 

0 

0 



0 

Strychnine 

0.2 

5 

0 

0 

0 


il 

1 


Synephrine 

2 

19 

0 

0 

0 


H 

0 


Trascnline 

2 

5 

0 

0 

0 


Bl 

0 

Muscular weakness 

Tuaminoaccto- 

2 

5 

0 

0 

0 

4 

0 

0 


- amphetamide 










Tyramine 

2 

5 

0 

■ 

0 

0 

■ 

■1 



T = Twittering; CH = Chicks; DW = Drooped Wings; E = Excitement; C = Convul- 
sions; L = Lctharg}-; F = Fatalities; V = Units. 


Attempts to abolish the syndrome were made by using S 3 'mpathoIytic drugs 
{933 F, 883 F, beta-dibenzylaminoethyl-chloridc), pentobarbital, and surger 3 '. 
Only pentobarbital and bilateral extirpation of the cerebral hemispheres abolished 
the twittering. The latter did not abolish the other two stages. 

On^v ehicks from one day to three weeks produced the twittering reaction 
"Tth amphetamine. Squabs and hens ejected food as did pigeons which also 
!ost their abilitx' to fly. Canaries became con\’ulsive and one da 3 ' old ducklings 
showed excitement onl 3 '. 

The results from other compounds arc listed in table 1 which lists the com- 
pounds in alphabetical order b 3 ' names casil 3 ’ identified rather than b 3 ' chemical 
•lomcnclaturc. It also lists the effects of each compound and the number of 
I'hicks so affected. 
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SmiMAHY 

Chicks are highlj’- selective animals for screening compounds suspected of 
having a stimulant action similar to that of amphetamine because of a ssmdrome 
■with a unique Uvittering reaction. 

We ■wish to thank Dr. Louis S. Goodman of the University of Utah School 
of Medicine for the generous supply of Beta-dibenzylarmnoethylchloride used 
in these experiments. 
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STUDIES IN CHEMOTHERAPY OF TUBERCULOSIS 

II. AcrmTf In Vitko of a Related Series op Ethers and 
Aetlamines 

W. HARRY PEINSTONE*. HARRIS L. FRIEDMAN, MARY V. ROTHLAUP, 
ANNA M. KELLY and ROGER D. WILLIAMS 

Research Laboratories, Pyridium Corporation, Yonkers, New York 

Received for publication November 16, 1946 

The tuberculostatic activity of 2-butoxy 5-aminopyridme in vitro was de- 
scribed in a previous report (1) . It was shown that this compound was capable 
of inhibiting the growth of virulent and avirulent tubercle bacilli in high dilution 
and that its bacteriostatic properties were specific for members of the genus 
Mycohackrium. 

The acute toxicity of this substance (LDso) for mice approximated 0.4 gram/ 
(2) . This rather high degree of toxicity interfered greatly with the applica- 
tion of this compound to studies on its effect in experimental tuberculosis in vivo. 
Nevertheless, by careful control of dosage it was shown that this pyridine deriva- 
tive favorably influenced the course of tuberculosis in the guinea pig (2). 

Because of its interesting properties it was decided to undertake a program of 
synthesis of various types of derivatives of 2-butoxy 5-aminopyridine with the 
object of preparing a compound with tuberculostatic properties but of lower 
toxicity for the animal host. The chemical work involving the synthesis of 
several hundred deriv'atives was carried out imder the direction of one of us 
(H. L. F.). This report brings together some of the key changes in structure of 
the parent compound and presents data indicating how such changes in structure 
influence the tuberculostatic activity of the compound and its acute toxicity for 
mice. 

Methods. Tests in vitro: The compounds were dissolved in Dorset’s sjm- 
thetic medium in serial concentrations ranging from 64 mg. per cent, by halves, 
to 0.008 mg. per cent. The inoculum, a suspension of the 607 strain of ill. 
tuberculosis, was seeded in each series of tubes and was incubated for 96 hours. 
The lowest concentration of such a series which showed absence or almost com- 
plete inhibition of visible growth was recorded as the bacteriostatic concentration 
for each respective drug. Details of this procedure have been described previ- 
ously (3). 'W’here the sjunbol > is used before the bacteriostatic concentration, 
>4.0 mg. per cent, the compound was insoluble in concentrations greater 
than that indicated, and a saturated solution was not bacteriostatic. 

Compounds that were basic in character, and which were frequently poorly 
soluble, almost always were used as the hydrochloride salts, but calculations of 
concentrations and amounts were always based on the equivalent amount of the 
free base. 

* Present address; Tuckahoe 7, New York. 
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Toxicity tests: The acute toxicity tests were carried out in mice of both sexes; 
these animals ranged in weight from 19 to 21 grams and were dosed on the basis 
of the average weight, 20 grams. The mice were dosed either orally (P.O.) with 
a suspension or solution of the drug or subcutaneously (S.Q.) with a solution. 
Each dose was administered to a group of 3 animals and was varied from 5.0 
gram/kgm., in decreasing quantities, to 0.5 gram/kgm. The mice were then 
observed for a period of 7 days and deaths which occurred within that time were 


C 4 H.O— 

< 


C,H,0— < 


■NH. 






NH, 

1 


G<HbO 


■NH, 


TABLE I 
Cyclic Isosteres 


[ T»C. STASIS 

ACTTTr TOXICIIT— P.O. 

^ mtfft. ftr cent 


0.063 

4+ 

0.031 

4+ 

0.063 

3+ 

2.0 

3-f' 


recorded. This procedure is adequate only to determine the approximate range 
of toxicity and the results recorded in the tables are based on the following key: 

4+ = LDjo is 0.5 gram/kgm. or less 

3-i- = LDjo between 0.5 and 1.25 gram/kgm. 

2+ = LDso between 1.25 and 2.5 gram/kgm. 

1+ = LDso between 2.5 and 6.0 gram/kgm. 

0 = LDbo at some dose greater than 5.0 gram/kgm. 

Besults. Cyclic isosteres: To test the essentiality of the pyridine ring for 
tuberculostatic activity, the benzene isostere of 2-butoxy 5-aminopyridine was 
synthesized. This compound, p-butoxyaniline, was foimd to have practically 
the same degree of activity and toxicity as its pyridine counterpart. As is shown 
in table 1, the pyrimidine isostere was similarly active. However, the naphtha- 
lene ring, with the amino and butoxy groups in the 1- and 4-positions, respec- 
tively, was considerably less active, although its toxicity was only slightly, if at 
all, reduced. 
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Alkoxy dmvalives: Several compouads were syathesized in which, the length 
of the alkoxy chain was varied from 1 to as many as 16 carbon atoms; some 
branched chain structures were also prepared. These compounds are shown in 
table 2 and include both benzene and pyridine derivatives. The positions of the 

TABLE 2 
t-Alkoxy derivatives 


R 

Y 

2 

»c. STASIS 

ACetX 

TQXrOTY—r.O. 

CH,0- 

c 

N 

«fw. fer cent 

32.0 

2"f" 

CHjO — 

c 

c 

5.0 

3+ 

CjHiO— “ 

c 

N 

4.0 

2+ 

CtHtO- 

c 

C 

0.5 

3-4- 

C,HA)- 

c 

N 

0.25 

4+ 

CiHiO*“ 

c 

N 

0.031 

4+ 

C,H,0 

c 

C 

0.063 

1 4+ 

C,H,0 

N 

N 

0.125 

i S"}* 

iBo CtH%0— " 

c 

1 N 

0.5 

3+ 

BBC 

c 

N 

2.0 

34* 

C^H„0- 

c 

N 

0.031 

4+ 


c 

C 

0.063 


iso C»HuO“ 

c 

N 

1.0 

4+ 

iso CiHhO— 

c 

C 

1.0 


(C,H,),CHO- 

C 1 

N 

0.063 

3+ 

G.H„0- 

c 

N 

0.031 

4+ 

C,H,,0- 

c 

C 

0.031 

4+ 

C,H„0- 

N 

N 

0.063 


CiHjiO — 

c 

N 

0.5 

3+ 

C,H„0- 

c 

N 

4.0 


CiHitO — 

c 

C 

8.0 


CioHtiO — ■ 

c 

N 

16.0 

2+ 

C„H„0- 

c 

C 

>4.0 


CnHjjO— 

c 

C 

>4.0 



Substituted Alkoxj' Derivatives 


hooc-ch.ch,o— 

c 

i c 

>64.0 


(C,H,)r-N-CHiCHiO— I 

i ^ 

c ! 

>64.0 


(C,H,),~N-CH,CH,0— ! 

c ! 

N 1 

>64.0 i 



amino and alkoxy groups were kept para to each other throughout. The data in 
diis tabic indicate that the very short chain compounds such as methyl and ethyl 
Wid the long chain derivatives were much less active than the compounds in 
which the alkoxj' substituents consisted of 4, 5 or 0 carbon atoms. Moreover, 
^ the chain was branched, the activitj* was considerably reduced. The sub- 
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stituted alkoxy compounds were found to be inactive. Also, it should be noted 
that in the compounds in which the alkoxy group consisted of a very long or a 
very short chain the toxicity was somewhat reduced, in comparison with the 
more active compoimds in which the chain was of intermediate length. 

Figure 1 illustrates the effect of the number of carbon atoms in the alkoxy 
group upon the bacteriostatic activity against the tubercle bacillus. The num- 
ber of carbon atoms is plotted along the abscissa and the logarithm of the re- 
ciprocal of the lowest tuberculostatic concentration is plotted along the ordinate. 

FiaoRB 1. 

2-ALKOXY DERIVATIVES 


-NHg 


Cfi HanuO-' 



The resulting curve illustrates the variation of activity with the number of atoms 
in the alkoxy chain. 

Other derivatives in which variations in the original alkoxy group have been 
introduced are shown in table 3. The acyclic group was replaced by cyclic 
structures including some heterocyclic as well as isocyclic derivatives. In most 
cases the compounds were of greatly reduced activity or were inactive. 

Isomers: Isomers of the original compound, as well as of other ring structure 
analogues, were prepared and the data are shown in table 4. On the whole, 
variations in the relative positions of the amino and alkoxy groups in the pyridine 
nucleus resulted in inactive compounds. In the pyrimidine nucleus also, it was 
jound that the 2-butoxy 5-amino compound was active, whereas 2-amino 4- 
butoxy was inactive. Among the benzene compoimds it was found that although 
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substitution of groups in positions para to each other resxilted in the most active 
substances, substitutions in the meta positions also yielded active compounds, 

TABLE 3 

Cyclicoxy and Cyclicalkoxy 



R 

z 

IBC. STASIS 

ACUTS TOXICm'—P. o. 

O- 

N 

mgift. fer ctn 

4.0 

4+ 


C 

>4.0 

2+ 


N 

16.0 

3+ 

CH, 

CO^ 

N 

8.0 


o- 

N 

64.0 

2+ 


N 

0.5 


y-cnjo- 

N 

4.0 

3+ 


C 

4.0 



N 

64.0 


”TTH' 

N 

4.0 

2+ 

H,— V^j— H, 

CH,0— 





but the activity was not as marked. When the groups were situated ortho to 
Web other no activity was found. It is interesting to note that the toxicity, 
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wherever it was determined, was as high in the inactive as in the active com- 
pounds. 

Nuclear suhslituiims: Compounds in which another radical, methyl, nitro, 
amino or butoxy, was substituted on the ring nucleus were S3mthesized only 

TABLE 4 
Isomers 


R» R* 



1 

R 

R* 

1 

R* 

1 

R» 

1 

R» 

TBC. STASIS 

ACT7T* TOXICITY 



P.O. 

S-O. 






mgm. per cent 



CiH.O— 

H 

H 

H 

NH, 

>64.0 



CJI.O— 

NH, 

H 

H 

H 

32.0 



CiH.O— 

H 

H 

H 

NH, 

32.0 



CiHiiO — 

H 

H 

H 

NH, 

>4.0 

4+ j 


C4H,0— 

H 

H 

NH, 

H 

0.031 


4+ 


Rf R» 




R* 

R< 

R* 




CH,0— 


NH, 

H 

H 

>64.0 

3+ 


C,H,0— 


NH, 

H 

H 

64.0 



ClSgO 


H 

NH, 

H 

0.25 

4+ 


CiS^sO — 


H 

H 

NH, 

0.063 

4+ 

4+ 






R« 

R» 



NH,— 



C^HjO 

H 

32.0 


CiH.O— 



H 

NH, 

0.125 

3+ 


in the benzene series; such substitutions resulted in inactive compounds. These 
data are shown in table 5. 

Ether replacement: To determine whether the ether group is essential, de- 
rivatives were made in which alkyls replaced the alkoxy substituents. These 
data are shown in table 6.- In the benzene series, at least, aklyl compounds 
were almost as active as the analogous alkoxy derivatives (table 2) indicating 
that linkage through oxygen is not essential to activity. However, the toxicity 
of the alkyl compounds is as high as is that of compounds with ether linkages. 
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other varialions in the ether group: Compounds were synthesized in ■which a 
second and a third ether linkage were added to the alkoxy group of the parent 
substance. Table 7 gives the actmties of such compounds. The examples 
shown e'vidence decreasing activity as the addition of alkoxy groups tend to 
increase the molecular weight of the compound. It may be significant however, 
that the methoxy-ethoxy, and the ethoxy-ethoxy derivatives stUl retain some 
acti'vity, while the toxicity of these compounds seems to be significantly re- 
duced. It is interesting to note the inactivity and the low toxicity of the hy- 

TABLE 5 

Nuclear Substilutiona 
Rj R- 

R<^ \nHi 
H R, 


R 

Ri 

R< 

Ri 

TBC. STASIS 

CH.O— 

H 

NH,— 

CH.— 

mgm. Per cent 

> 4.0 

OjHiC) — 

NOs 

H 

H 

> 8.0 

C 4 H 9 O— * 

H 

NH, 

H 

>64.0 

H 

H 

C4H,0— 

C.H,0— 

>4.0 


TABLE 6 

Ether Replacement Alkyl Derivatives 


R-<^ )>-NH, 

R 

TBC. STASIS 

ACUTE TOXICITY— P, O. 


mfm. Per cent 


Cl 

8.0 


C,H.- 

0.25 

3+ 

C.Hr- 

0.063 


CiHij — j 

0.25 

4-1- 

CJI.r- 

8.0 



^xj'ethoxj’ derivative (table 7), since the analogous ethoxy compound, fisted 
m table 2, has a minimal bacteriostatic concentration of 4.0 mg. per cent and 
has a fair degree of toxicity. 

Amino replacement compounds: The essential nature of the amino group of the 
parent substance is demonstrated by data shown in table 8. Elimination of the 
amino group results in a complete loss of activity, and replacement of it by a 
carboxyl group, hydroxj' or ethoxj' group has the same effect. Replacement 
■"ith a nitro radical sharplj' reduces activity, although some acthfity remains. 
Possibly, this may be accounted for by a partial reduction by the growing or- 
Banism of the nitro group to an amino group. 
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TABLE 7 

S-Alhoxy-alkoxy and S-Aryloxy-alkoxy Derivatives 
R— NHj 

\n — / 



TBC. STASIS 

ACUTX TOXICITY— P. 0. 

HOCiHsO— 

tnim. fer cent 

64.0 

0 

CH,0— C5H5O— 

1.0 

1 + 

CsH^O— C.H,0— 

0.5 

1 

2+ 

C4H,0— CiHiO— 

4.0 

4+ 

CzHtO— CjHtO— CjH.O— 

64.0 


/ ^CH,0— CsHtO— 

32.0 

3+ 

0— CjH.O- 

16.0 

3-f" 


TABLE 8 


Amino Replacement Compounds 


R— ')^X 
\n— / 

R 

X 

TBC. STASIS 



mgm. per cent 

C4H,0— 

H 

64.0 

C<H90 — 

NO. 

4.0 

C|HuO — 

NO, 

8.0 

C.H,0— 

COOH 

64.0 


r-<3>-x 


C.H,0— 

H 

64.0 

C,HsO— 

C,H,0— 

64.0 

C,H,0— 

OH 

32.0 

N jf / 

C,H,0— 

NO. 

0.25 
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Amino suhstilutions: A number of compounds was synthesized in which one or 
both of the hydrogens of the amino group in the parent substance, were replaced 
by a variety of substituents. In table 9 the first 2 compounds represent the 
original parent pyridine compound and its benzene isostere; these are included 
for reference purposes. Since it was found that the greatest activity is obtained 
in the compounds in which the alkoxy group consists of 4, 5 or 6 carbon atoms, 
the 4-carbon-atom-compound is to be used as the point of reference for the 
various substitutions on the amino group. The replacement of one of the hy- 
drogens on the amine by a sodium sulfite radical completely destroys the activity 
but also reduces the toxicity. The activity is for the most part only partially 
reduced by the substitution of an alkyl, carboxymethyl or hydroxyethyl sub- 
stituent, but a replacement of both hydrogens of the amine by a methyl, results 
in a further reduction of bacteriostatic effect. The toxicity is not reduced by 
any of these changes. 

The substitution of an acyl in the amino group produces compounds which 
are still highly active but the benzoylamino derivative is not active. It is 
particularly interesting to note that the monocarboxylic acyls reduce the toxicity 
of the parent substance slightly, if at all, whereas, succinyl, phthaloyl and phthal- 
imid derivatives greatly reduce toxicity without much loss in activity in vitro. 
The apparent effect on toxicity may be due to poor absorption or to rapid ex- 
cretion. 

Derivatives of carbamic acid are represented, but there are too few to permit 
generalizations with respect to their activity, since they include compounds 
of considerable activity as well as inactive compounds. The sulfonamide and 
the methyl snlfonyl compounds showed very low activity; in the case of the 
former the toxicity was negligible. 

A series of compounds invohnng sodium formaldehyde sulfoxylate, sodium 
formaldehyde bisulfite and sodium acetaldehyde bisulfite substitutions on the 
amino group was next described. These compounds exerted actmty similar to 
that of the parent substance, especially in the group 'vvith a pyridine nucleus. 
Further, the toxicity of the pyridine derivatives was significantly less than 
that of the parent compounds, although the same modifications in the benzene 
series did not lead to a sinular decrease in toxicity. 

The hydrogens of the amino group were also substituted by glucose bisulfite, 
glucose, anil, and, benzaldehydc anil, procedures which resulted only in slight 
loss of acthnty but which had little effect on toxicity. 

Discussion. The character of the bacteriostatic activity of the active com- 
pounds comprising this report is exemplified by 2-butoxy 5-aminopyridine. 
In an earlier report (1), it was shown that the action was one of growth inhibition 
rather than bactericidal effect, and that this effect was specific for members 
of the genus Mycobacterium. It is of interest that virulent strains of human 
tubercle bacilli were susceptible to much lower concentrations of this substance 
(I to 100,000,000) than was the avirulcnt rapidly growing strain 607 (1 
to 3,000,000). Wo are not aware of any other substance that shows such re- 
tnarkablo specificity for one genus of microbiological organism. The degree 



TABLE 9 
Amino Substitutions 


R> 

C,H,0-<f V-N 
\z— / \ 

R>' 


z 

■ 

1 

R*' 

TBC. STASIS 

ACCTi toxiarr 

P.O. 1 S.Q. 

Unsubstituted 




m/m. Per cent 



N 

H 

H 

0.031 

4+ 

4+ 

C 

H 

H 

0.063 

4+ 

4+ 

Inorganic substituents 

c ! 

1 

—SOiNa 

H 

4.0 



1 

N 

— SO.Na 

H 

t 4.0 

1 

1 1+ 

1 



Acyclic Bubstituents 


C 

— CH, 

1 

H 

0.125 

4+ 


N 

— CH, 

CH, 

4.0 



N 

-C,H, 

H 

0.5 

4+ 


C 

-CH.COOH 

H 

0.25 

1 

4+ 

4+ 

N 

— CHjCOOH 

H 

0.125 

1 

4+ 


N 

— CH,CH.OH 

H 

0.125 

4+ 



Aoyls, acyclic and cyclic Bubstituents 
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TABLE 9 — Continued 


z 


Ri' 

TBC. STASIS 

ACUTT TOXICITY 

P.O. 

S.Q. 

Miscellaueous substituents 




mtm.ptr cent 



N 

-CONH, 

H 

16.0 

1+ 


N 

-CONH-<^ ^ 

H 

>16.0 


1 

N 

— C=SNH— ^ 

H 

1.0 

1+ 

i 

N 

— C=NH-NH, 

H 

0.125 

3+ 

3+ 

N 

— SOi — ^ ^ — CHa 

H 

4.0 



N 


H 

>4.0 

0 



Sodium formaldehyde eulfoxylate derivatives 


C 

— CHjSOrNa 

H 

0.125 

3+ 

3+ 

N 

— CHjSOjNa 

H 

0.125 

1+ 


Sodium formaldehyde bisul&te derivatives 

C 

— CHsSOiNa 

H 

0.125 

4+ 


N 

CHxSOjNa 

H 

0.063 

0 

2+ 

C 

— CHsSO.Na 

CH, 

2.0 

4+ 


Sodium acetaldehyde bisulfite derivatives 

C 

-CH-CH,.SO.Na 

H 

2.0 



N 

— CH-CH.-SO.Na 

H 

0.5 

3+ 



Glucose bisulfite derivatives 


N 

SO.Na 

1 

— C(CHOH),CHCH,OH 

H 

0.125 

3+ 

2+ 

C 

SO.Na 

1 

— C (CIIOH) .CHCH.OH 

1 0—1 

H 

0.125 

3+ 



























164 


FEINSTONE, FRIEDMAN, ROTHLAUF, KELLY AND -WILLIAMS 


TABLE 9 — Concluded 


z 1 


R*' 

TBC. STASIS ; 

ACDTC TOXiaiT 


1 P.O. 

1 S.Q. 

Glucose anils 

1 

c 

— CH(CHOH).CHCH,OH 

1 0 1 

H 

«/«♦ fier cent 

0.125 



N 

1 

— CH(CHOH),CHCH,OH 

1 0 — 1 

H 

t 

! 0.063 

i 

! 3+ 

1 

2+ 


Benzsidehyde anil 



H 




c 

— C— 

n 

>4.0 

1 

4+ 

1 



H 




N 

_-C— 

0 

0.125 

3+ 

2+ 


of stasis is unsurpassed even by antibiotics such as streptomycin, which in our 
experience inhibits the growth of pathogenic strains and of the 607 strain in 
dilutions no greater than 1 to 3,000,000. The acti-vity of streptomycin how- 
ever, is bactericidal in concentrations approaching its bacteriostatic range. 

Data illustrating the absorption, excretion and suppressive actmty in tuber- 
culosis of guinea pigs of some of the more active compounds of this series are 
in preparation and -will be presented shortly. 

The structural specificity of the compounds comprising this series is quite 
marked, since almost any variation from the parent structure, i.e. CnHjn 

-{-1 — 0 — ^ — ^NHt, diminishes or destroys activity. It has been possible 

to retain activity in the benzene series by exchan^ng alkoxy for alkyl, and in 
both benzene and pyridine series by certain substitutions on the amino group. 

Isosteres, within the limited number synthesized, retained almost all the 
activity of the parent compound. This parallels what has been found in other 
cases; one cycle may be replaced by another -n-ith retention of certain biological 
properties (e.g., sulfapyridine, sulfathiazole, sulfadiazine). The naphthalene 
compound is not a true isostere and its reduced activity may be accounted 
for by considering it to be a di-nuclear substituted compound. 
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The curve of activity, as related to the length of the alkoxy chain (figure 1), 
is tjTJical of the changes in activity in an homologous series (e.g., substituted 
resorcinols and phenylethylamines), in which the peak of activity is reached with 
certain chain lengths. In the present series of compounds the same length of a 
substituent chain gives peak activity in each of the isosteric groups. Branched 
chains reduce the activity markedly. It is not clear why 2°-butyl alcohol has 
such lowered activity while 2°-pentyi alcohol (3-pentyloxy derivative) retains 
the actirity of the n-pentyl chain, since both are straight chain secondary sub- 
stituted radicals. - Substitution of a hydrogen by an — OH (table 7), by a 
— COOH, or by a — NEtj group (table 2) results in a complete loss of activity. 

The para-position appears to be important for high activity. The considerable 
activity displayed by ortho-butoxy aniline (table 4) indicates, however, that 
the para-position is not absolutely essential. In the case of the nitrogen-hetero- 
cycles, the tautomeric form of the — NHj group must also be considered; it 
appears that an imino group lacks activity. 

Although nuclear substituents in general destroy the activity, perhaps too 
few examples are available to warrant a definite conclusion. 

As is shown in table 6, the ether linkage in the benzene nucleus group may 
be eliminated, by substitution with alkyl, without serious loss of activity. How- 
ever, the essential character of the ether linkage in the pyridine group of com- 
pounds can only be contemplated until examples are available. Compounds 
■with replacements of the 2-alkoxy group by — COOH, — SOsH, or SOzNHj 
etc., which are not included in this report, are inactive. 

.The most interesting compounds from the point of view of retention of ac- 
tivity -with reduction in toxicity were found in the group in which one or both 
hydrogens of the amino radical were replaced (table 9) . That a similar reduction 
in toricity was not manifested by the same compounds in the benzene group 
cannot be explained. In contrast to the sulfonamides, many other substitutions 
may be made in the — NH- group without markedly diminishing bacteriostatic 
activity. The acetyl derivative is of interest, since its possible formation, 
in vivo, would not result in the inactivation of the compound. 

SUMMARY 

2-Butoxy 5-aminopyridine exerts high and specific bacteriostatic action on 
^{ycohacleria. 

Variations in the structure of this compound indicate that: 

1. isosteres retain actirity; 

2. the number of carbon atoms in the alkoxy group is optimally 4 to 6; 

_3. cyclic substitutions in the alkoxy linkage diminish activity; other sub- 
atitutions in the alkoxy group that tend to increase the molecular weight of 
Ibe compound or which involve branched chains also result in compounds of 
Greatly diminished activitj’; 

4. in general, only specific isomers are active; 

o. nuclear substitutions result in diminution of actirity; 
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6. the ether linkage of the alkoxy group may be replaced by alkyl, in the 

benzene isostere series, without a serious loss in activity; • 

7. the amino group is essential to activity; 

8. when the amino group is substituted by certain inorganic or acyclic sub- 
stituents, activity is diminished but not abolished; 

9. the amino group may be substituted by acyl, sodium formaldehyde bi- 
sulfite, sodium formaldehyde sulforcylate and certain other aldehydic groupings 
without serious loss in activity in most cases. This type of substitution results 
in compoimds with decreased toxicity in the pyridine series, but does not produce 
a marked change in toxicity in the series of benzene isosteres. 

The pharmacological and experimental therapeutic activity of several of the 
most effective and least toxic of the compounds should be investigated. 
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Chemical agents blocking specific biological systems or functions are of value 
in many fields of physiological investigation and in therapeutics. Notable ex- 
amples of such agents include cyanides, atropine and related alkaloids, para- 
minobenzoio acid and thiourea derivatives. In the past much effort has been 
expended to develop drugs which would adequately block the siunpatho-adrenal 
system. Ergot alkaloids were first studed for this purpose (1). Subsequently, 
yohimbine and ethyl yohimbine (2), certain benzodioxane derivatives, 933F, 
883F, etc., benzyl-imidazoline (Priscol), and many other substances have been 
reported to possess some degree of adrenergic blocking activity. However, the 
usefulness of the aforementioned compounds is limited by their toxicity, side- 
effects (such as the pressor and oxytocic actions of ergot alkaloids and the direct 
depressor action of Priscol (3)), or short duration and incompleteness of blocking 
action. 

The present report deals with the properties of a new sympatho-adrenal 
blocking agent, N,N-dibenzyI-/?-chIoroetfaylamine (Dibenamine) which appears 
to have the advantages of specificity, potency and prolonged action. Prelimi- 
nary reports on the pharmacological properties of Dibenamine have been pre- 
sented (4, 5). The relationship of chemical structure to adrenergic blocking 
activity has also been briefly reported (6) and will be fully presented in a sub- 
sequent publication. 

Preparation and phtlSical properties. N ,N-dibenzyl-/5-chloroethylamine 
and its salts ivith organic and inorganic acids are about equally active, but the 
hydrochloride salt was used in most experiments because it is easier to handle 
than the free base which is an oily liquid. The hydrochloride salt is a white, 
crystalline substance, practically insoluble in water near neutrality, but soluble in 
acid (2% at pH 2.1, 1% at pH 2.4 and 0.5% at pH 2.7), in 95% ethanol and in 
propylene glycol. It is stable in acid solution, but rapidly loses activity in 
neutral or alkaline aqueous solutions. A 10% stock solution may be prepared by 
dissolving the hydrochloride salt in propylene glycol or 95% ethanol made 
slightly acid (0.05 N) nith concentrate HsSO<. Such stock solutions are very 
stable. Immediately prior to administration, the stock solution was diluted 1:10 

* Trade mark of Givaudan-Delawanna, Inc. 

’ This investigation waa aided by a grant from Givaudan-Delawanna, Inc Dr. W. 
Gump of this company kindly supplied Dibenamine hydrochloride and related com- 
pounds used in this study. 
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or 1 : 20 with 0.9% NaCl solution. The acid in the stock solution was found ade- 
quate to keep the drug in solution after dilution. Dibenamine was administered 
intravenously, intraperitoneally, intramuscularly, subcutaneously and orally, 
and was found to exert its systemic effects by all these routes of administration. 
Dibenamine was given oraUy in solid form, in gelatin capsules or in lactose 
tablets. 

Blocking of adrenergic pressor effects. The direct effect of Diben- 
amine intravenously on the normal arterial pressure is variable. Rapid injection 
in anesthetized animals may cause an abrupt and marked fall in arterial pressure 
which may be lethal. Smaller doses or slower rates of injection produce either a 
slight fall or rise in pressure, the latter occuring particularly after a previous dose 
of Dibenamine. However, with sufBciently slow injections (10 to 20 minutes 
in anesthetized cats; 45 to 60 minutes in recumbent humans) full adrener^c 
blocking doses of Dibenamine may be administered intravenously with only 
slight changes in the normal blood pressure. 

It is of interest to compare the effect on blood pressure of complete sympa- 
thectomy (7, 8) ivith that of adrenergic blocking by Dibenamine. After sympa- 
thectomy there is a sudden drop in blood pressme followed by a gradual return to 
normal, indicating that after recovery from the trauma of the operation the 
vascular musculature is capable of an adjustment which allows for the main- 
tenance of a normal blood pressure in the absence of sympathetic nerve impulses. 
After Dibenamine this adjustment apparently can be made without an inter- 
vening period of hypotension. 

Some degree of adrenergic blocking is evident within 5 to 10 minutes after 
minimal effective doses of Dibenamine administered intravenously and some- 
what earlier with larger doses, but the maximal blocking action is not exerted 
until at least 30 minutes after injection. The duration of the adrenergic block 
from a single injection varies from approximately 36 hours to a maximum of 6 
days. Preliminary observations in man (9), and in animals vith experimental 
renal hypertension, indicate that residual therapeutic effects may last as long as 
seven to ten days. 

A. Injected epinephrine. After administration of Dibenamine the usual 
pressor response to epinephrine is changed to a pure depressor response (6g. !)• 
In contrast to results obtained with certain other blocking agents, this reversal 
phenomenon is independent of the anesthetic used. Comparable results were 
obtained in animals under pentobarbital, urethane or cyclopropane anesthesia, 
in animals with a high spinal cord section, and in unanesthetized animals and 
man. 

The adrenolytic effect of Dibenairune is more complete than that usually 
produced bj' other blocking agents. For example, after adequate doses of 
Dibenamine in anesthetized cats (10 to 20 mgm./kgm.), the pressor effects of 
even massive intravenous doses of epinephrine are completely reversed. In 
Egure 2 is illustrated the response to 1000 pgm./kgm. of epinephrine, and ten 
times this dose has been administered with comparable results. The depressor 
response to massive doses of epinephrine is essentially the same in magnitude but 



dibenamine: an adrenehgic blocking agent 


169 


is more "prolonged than that to much smaller doses. As can be seen in both 
figures 1 and 2, the pulse pressure is increased during the period of epinephrine- 
induced hypotension. 


140^ JS&S 

120f- 


w 


'‘‘''^insiissas 




FlO. 1. ErFECT OF DtBENAMtNE ON THE BlOOD PRESSURE RESPONSE TO A S.MALL DOSB OF 

Epinephrine 

Upper record before and lower record after administration of 15 mgm./kgm. Diben- 
to a cat anesthetired with pentobarbital. The arrow indicates intravenous injection 
of 2.5 ;igm./kgm. epinephrine. Time in minutes. 



T 


Uio. 2. Effect of Dibenamine on the Blood PnEssunr. Response to a Earoe Dose of 

Efinephrine 

.At the arrow 1000 pKin./kcm. of epinephrine was inierled intravenously. Time in 
mmutca. 

llic reversal by Dibenamine of the pressor response to epinephrine probably 
fTpresonts a blocking of the vasoconstrictor action and a consequent unmasking 
•>1 the inhibitory vasodilator action of epinephrine. Va.sodi!atat!on occurs in 
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response to small doses of epinephrine in the absence of blocking agents (see Dale 

(10) ), but ordinarily it is obscured by the more powerful vasoconstriction. It is 
of interest to observe that in the rabbit, an animal in which Cannon and Ljnnan 

(11) were unable to find any vasodepressor action of epinephrine, Dibenamine 
largely abolishes the pressor effect of epinephrine but does not cause a reversal. 
Presumably there is no depressor component to be unmasked. 

The magnitude of the depressor response to epinephrine after Dibenamine 
tends to vary directly with the initial blood pressure level, but it is not strictly 
dependent upon the latter. The depressor action of epinephrine after ergota- 
mine and yohimibine disappears completely when the blood pressure falls below 
40 to CO mm. Hg (12); in contrast, definite reversals occasionally have been ob- 
tained after Dibenamine with initial pressures as low as 30 mm. Hg. The depres- 



Fig. 3. Helation of the Dose of Epinefhhine (Intba venous) to the Hypertension 
(#— #) Elicited before and the Hypotension (A — A) Elicited after the 
Ad.ministbation of Dibena.mine 

Averaged data from 6 cats. 

sor response to epinephrine after Dibenamine varies in different animals from 20 
to 60 mm. Hg or more. Even a relatively small dose of epinephrine (1.0 to 2.5 
/igm./kgm.) elicits an almost maximal response. This fact suggests that there is 
a definite limit to such sj'mpathomimetic vasodilatation and that maximal hypo- 
tension is elicited by an amount of epinephrine much smaller than that producing 
maximal hypertension (fig. 3). 

The increase in heart rate and pulse pressure induced by epinephrine are not 
prevented by Dibenamine. Although cardiac output was not measured directly, 
the combination of tachycardia, increased pulse pressure, and hj-potension 
(indicating a decreased peripheral resistance) indicates that both the stroke 
volume and the cardiac output are increased by epinephrine after blocking with 
Dibenamine. Both the tachycardia and the positive inotropic effect on the 
myocardium (indicated bj' the increased stroke volume) probably represent 
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direct actions of epinephrine on cardiac muscle. The inability of Dibenamine 
to block these two actions may indicate a fundamental difference in the mech- 
anism of action of epinephrine on smooth as compared to cardiac muscle. 

Blocking by Dibenamine of the pressor response to epinephrine is usually 
complete, t.e., there is a pure depressor response to all doses of epinephrine. 
It is quite difficult to select a dose of Dibenamine which produces an incomplete 
block. However, when the action is wearing off (in cats, usually two to four 
days after injection) a partial block may be observed. During this period, 
small doses of epinephrine produce a brief pressor response before the depressor 
effect appears, and large doses of epinephrine produce an almost pure pressor 
response. 

B. Splanchnic nerve stimulation. The action of Dibenamine on the vaso- 
pressor response to sympathetic nerve stimulation was studied in cats. Both 
pentobarbital and urethane anesthesia were employed with essentially similar 
results. The splanchnic nerves on one side were cut and shielded electrodes 
placed on the distal stumps just above the diaphragm. Stimulation was applied 
by means of a variable frequency, square-wave electronic stimulator with an 
output current largely independent of the external resistance (Woodbury and 
Nickerson (13)). A frequency of 20/second and a pulse width of 0.5 millisecond 
were utilized, and the current necessary for a maximal pressor response in the 
untreated animal was determined. Responses were recorded before and after 
treatment with Dibenamine and finally after extirpation of the adrenal glands. 
Currents several times the control strength were also used after Dibenamine, but 
no alteration in the response or “breaking through” could be demonstrated. 
There appeared to be no significant alteration in the excitability of the splanchnic 
nerves as a result of the administration of Dibenamine. 

Prolonged (45 seconds) unilateral stimulation of the splanchnic nerves in an 
untreated animal causes a sharp, biphasic rise in blood pressure which frequently 
amounts to 60-80 mm. Hg (fig. 4A). The initial rapid component of the rise is 
the result of direct sympathetic constriction of the splanchnic vessels, and the 
subsequent rise (developing after 20 to 25 seconds) is due to the release of epi- 
nephrine, and probably some sjunpathin, into the systemic circulation. This 
secondarj^ rise is largely eliminated by removal of the adrenal glands or by their 
exclusion from the circulation. 

After treatment with Dibenamine, the blood pressure rise from splanchnic 
stimulation is converted into a biphasic fall (fig. 4B). The initial rapid fall is 
rather smalt and may be absent in experiments in some animals. Tliis would 
seem to indicate either that sympathetic vasodilatation in the splanchnic bed is 
limited in cats or that compensatory mechanisms not blocked by Dibenamine 
arc operating. The second component of the reversal is much more pronounced 
and is comparable in duration to the hypotension produced by the injection of 
2.5 agm./kgm. of epinephrine. 

It was found more difficult to block and reverse the pressor component due to 
the IcK-al notion of sympathetic nerve impulses than the pressor component due to 
epinephrine, either cmlogenous or injceterl. In figi'ro 5 is illustrated the result of 
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Fig. 4, Blood Pressure Response to Splanchnic Nerve Stimulation 

(A) before and (B) after the administration of Dibenamine, and (C) after removal of the 
adrenal glands. 

Cat under urethane anesthesia. Electrodes on the distal stumps of the resected right 
^lanchnic nerves just above the diaphragm. Period of stimulation indicated by upward 
oeflection of signal line. Time in minutes. 
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Fig. 5. Blood Pkessure Response to Splanchnic Nerve Stimulation after Incowplete 
Adrenergic Block With Dibenamine 

Cat under urethane anesthesia. Electrodes, etc. as in legend to fig. 
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splanchnic nen'e stimulation after incomplete adrenergic blocking by Dibena- 
mine. The neurogenic pressor response is essentially unaltered, but the epi- 
nephrine-induced hypertension is completely reversed. 

After removal of the adrenal glands in an animal with a complete adrenergic 
block, splanchnic stimulation may cause a slight fall or no change in the blood 
pressure (fig. 4C). In some experiments, a slow pressor response may appear 
after 20 to 30 seconds of stimulation, i.e., during the period when epinephrine 
would ordinarily be released into the circulation. A moderate increase in heart 
rate (15 to 20%) accompanies this blood pressure rise. A similar pressor effect 
was noted after ergotoidne by Cannon and Rosenblueth (14) who attributed it to 
an increase in heart rate produced by sympathin E released into the circulation 
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Fm. G. Blood PnEssunn Uesponsb to Axoxia befoue (Upper Record) and after (Lower 

Record) Direnamine 

Cat under pentobarliitnl anesthesia. Periods of anoxia indicated by upward deflections 
of signal line. Time in minutes. 

and not blocked by ergotoxine. Apparently insufficient sjunpathin I is released 
by splanchnic stimulation to overcome the pressor elTect of the cardioacccleration. 
A similar explanation may apply to the delayed pressor response to splanchnic 
stimulation in adrcnalectomized animals treated with Dibcnamine, ns the drug 
does not block the tachycardia elicited by epinephrine or sj-mpathin E. 

C. Reflex adrenergic pressor efliecls. Tlie effect of Dibcnamine on reflexly 
induced sympathetic vasoconstriction was also studied. Gradually developing 
anoxia was produced in both cats and dogs by the use of a small rebreathing bag 
and a soda-lime canister, A typical scric.s of blood prc.ssurc rccord.s from such an 
cxixjriment is shown in figure (5. After Dibcnamine, the usual pressor respon.se 
to short perimls of anoxia is convert eil into a pure depressor response. 
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Another method employed to test the ability of Dibenamine to block and re- 
verse the pressor effects of a generalized S3nnpathetic discharge vas to observe 
the blood pressure response to the nicotinic action of choline esters in atropinized 
animals. Results with carbaminoylcholine and with acet 3 dcholine (after eserine) 
were essentiallj' the same. Two such e.vperiments on cats under pentobarhit.nl 
anesthesia are illustrated in figure 7. After the slow intravenous administration 
of 1 mgm./kgm. of atropine sulfate, 150 ;igm./kgm. of carbominoylcholine was 
injected rapidly intravenously, causing the typical biphasic pressor response 
shown in figure 7A (upper record). After the administration of 15 mgm. ''kgm. 
of Dibenamine, the same dose of carbaminojdcholine produced the depressor 
response illustrated in figure 7A (lower record). Similar expeiiments were per- 



A. B. 

Fig. 7. Blood Pressure Response to the Intrave.vo. s.Aujiinistration of ISO/jgm./kom 

OF Carbaminoylcholine in an Atropi.nized C it under Pentobahbit.ai. .Ane.sthesia 

A. Upper record before and loner record after the intravenous administration of 15m gm./ 
kgm. of Dibenamine. 

B. The same proecdures as in A, after bilateral adrenaleetomy. Injections of c.ar- 
baminoylcholine indicated by arrows. Time in minutes 

formed on animals after bilateral adrenalectomy. The pressor response is 
characteristicalh' less prolonged (fig. 7B, upper record), and the depressor re- 
sponse after Dibenamine (fig. 7B, lower record) is never as great as with the 
adrenals intact. 

In these e.xperiments it is reasonable to assume that all the sympathetic post- 
ganglionic fibers are stimulated by the massive doses of choline esters employed. 
The results indicate that Dibenamine is capable of reversing the pressor effects 
of a widespread discharge of the sympathetic nen-ous s.vstem, both in the pres- 
ence and in the absence of the adrenal glands. 

Dibenamine does not modifj'- the faseiculation and respiratorv embarrassment 
caused bj' the direct nicotinic action of the choline esters on skeletal muscle. 

.Sympathetic nen'ous sj'stem activity in e.vcitement or rage is knmun to have a 
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marked effect upoR the blood picture in certain, animals. Izquierdo and Cannon 
(15) and Menkin (16) reported that excitement caused a sharp increase m eryt - 
rocyte count and a relative increase in mononuclear leukocytes in 
not in sympathectomized cats. The blood changes nere shown to e 

marily to splenic contraction induced by the sympatho-adiena isc argen 

accompanies excitement. j + 

Freely flowing blood from an ear vein was obtained from cats at res an i 
minutes after they had been forcibly held on their backs and al owe to s rugg e 
for five minutes. Duplicate tests were performed on each of two animals belpre 
and 24 to 30 hours after the subcutaneous administration of 50 mgm./kgm. o 
Dibenamine. All four experiments gave essentially the same resu ts w ic ^ arp 
averaged in table 1. These results indicate that Dibenamine is e ec ne m 
blocking refiexly induced splenic contraction. ... - nf 

Effect on other sympathetic functions. Several objective signs 
sympathetic blocking by Dibenamine are apparent in the intact animat, n 


TABLE 1 

filood Dicturc of control and Dibenamine-treaied cats befoic, and after 5 viiniitcs of 

CONTROL 

BETORE 9TRUCCIE 

AFTER STRCCOtE 

Erythrocyte count. . . 

I.oukocyte count. , , 

Mononuclear cells .... 

8,990,000 

10,075 

28% 

12,030,000 

14,000 

39% 

TIEATED ^\1T^ OIBENAMIKE 



Erythrocyte count . 
leukocyte count 

Mononuclenr cells. 

9.540,000 

11,050 

18% 

9.060,000 

10.125 

14% 


cats, the drug produces a marked extension of the nictitating Kiem lane, p osis 
•and some decrease in the mydriasis occurring in dim light. le as namcc 
effect is one of the first signs of Dibenamine activity in man an appears a er 
doses which do not appreciably affect the response to injected epincphnno. 
After Dibenamine, the iris in cats and rabbits shows considcr.able movement in 
response to changes in illumination. This movement is pi oba d > argc> 
alterations in cholinergic tone. After both .sympathetic and parasimp.a ic ic 
blocking the iris occupies an intermediate position which is indcpetic en o i 
lumination. Data .averaged from four experiments on cat.s arc gii en in t.i i a . 
The position of the iris after blocking both constrictoi and dilatoi impu ..cs is 
prohalily a measure of the relative inherent tone of the two sets o muse e i ici.a 
Mydriasis, widening of the palpebral fissure anfl retraction o t ic me i .i in 
membrane duo to cpineplirine or electrical stimulation of t ic ccnicn .imp. 
tbetic nen'c are also abolished or greatly reduced by Dibenanunc. 
of Dilicnumino isinsharpeontrast to that of Priseol which was rcpoitci w ic. s 
nnd Abnkman (17) to be ineffective in abnlisliing tlic mvdnasis indvtccd by 
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epinephrine or electrical stimulation of the cervical sympathetic nerve. In 
addition, the exaggerated responses of the previously (10 to 25 days) denervated 
iris and nictitating membrane to injected epinephrine are eliminated by Di- 
benamine. As a result of sensitization by denervation, the iris exhibits maximal 
mydriasis and the nictitating membrane maximal retraction in response to doses 
of epinephrine of less than 1 ngm./kgm. intravenously; after blocking with 
Dibenamine, the iris and nictitating membrane are unresponsive to at least 100 
pgm./kgm. 

The action of Dibenamine on the pilomotor response to sympathetic nerv^e 
stimulation was determined in cats anesthetized with pentobarbital or urethane. 
Electrodes were placed on the abdominal sympathetic chains just anterior to the 
sacral promontory. Square wave stimulation with a frequency of 20/second 
and a pulse width of 0.5 millisecond was applied, and the current required to 
produce a maximal pilomotor response in the tail determined. After Dibena- 
mine (15 mgm./kgm., intravenously), the stimulation was repeated and the 
current gradually increased. Even with currents 10 times as great as the con- 


TABLE 2 

Horizontal diameter of cal jmpiU before and after autonomic blocking 



LICHT* ' 

BAUSt 


mm. 

mm. 

Control 

1 

9.2 

After Dibenamine 

1 

6.0 

After Dibenamine and atropine . 

7.3 

7,4 


* 60-walt lamp with reflector, 8 inches from eye. 

t Just sufflcient light to read a millimeter rule while measuring pupils. 


trol, no pilomotor response was obtained. Currents stronger than this could 
not be used because the spread of current from the shielded electrodes produced a 
vigorous motor response in the hind legs and tail. 

Dibenamine provides marked protection against the lethal effects of epineph- 
rine, both mice and rats being completely protected against more than twice 
the L.D.ioo of epinephrine injected intraperitoneally. The results obtained are 
even more striking when it is considered that Dibenamine prevents local vaso- 
constriction by epinephrine and consequentl3'^ the amine enters the circulation 
more rapidlj'. 

It has been suggested (18) that the lethal effect of large doses of epinephrine 
is due to a direct action on the myocardium. If this were the case, the protective 
action of Dibenamine would be difficult to e.xplain as this agent does not prei’ent 
the known effects of epinephrine on cardiac muscle, i.e., the increase in rate and 
strength of contraction. In our experiments, death from epinephrine injected 
intraperitoneally appears to be respiratory. Terminallj’, respirations become 
labored, anoxic convulsions ensue and breathing ceases at a time when the heart 
is still beating. After the intra peritoneal administration of one or two L.D.ioo 
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of epinephrine to control rats, the survival penod may be ^ 

than 10 minutes to one to two hours by the use of f ® 

At the end of this period pulmonary edema is so marked that 
appears to be impossible and artificial respiration is no onger e / / j 
addition to pulmonary edema there may be a factor of reflex (carotid 

chcmoreceptor (19)) respiratory inhibition involved m 

doses of epinephrine, but our present data are inadequate to allow a definite 

evaluation of this possibility. . , . ^ 

-Hamilton, Woodbury and Vogt (20) demonstrated f 

arterial and venous pulmonary pressures in unanesthe ize ogs 
doses of epinephrine; these pressure changes are large y nmtpction 

creased pressure in the systemic circulation. It may ^ . ® P 

afforded by Dibenamine against the lethal effects of epmep rine is 
vention of the rise in systemic blood pressure and the consequen e 
changes in the pulmonary circulation. kr, 

Dibenamine also prevents cardiac irregularities induce y ep ep 
animals under cyclopropane anesthesia. As reported by Nic erson e o • > 

the intravenous injection of 10 pgm./kgm. of epinephrine in ogs ecpi 
30% cyclopropane in oxygen produces ventricular fibrillation and ^ 

large percentage of animals and long periods of ventricular ex rasys o es, 
cardia and other ventricular irregularities in those which surwe. e 
benamine (20 mgm./kgm., intravenously), epinephrine does not elicit 'ventricul 
tachycardia or fibrillation, and other arrhythmias are almost completely elimi- 
nated. However, the sinus tachycardia induced by epmephnne is not prevented. 
Dibenamine affords protection even when 1000 iigm./kgm. o e^nep nne 
injected. It is more effective than any other drug teste , me u mg a ™P' ’ 

isonipecaine, ergotamine, procaine and Priscol. These stu lesivi e pu i 

Sy^pl'tho-adrenal discharges or injected epinephrine usually produce asharp 
rise in blood glucose. To determine the effect of Dibenamine on this pbenome- 
non, fasted rabbits were injected subcutaneously, with 0.2 m^./k^. of epi- 
nephrine and the blood sugar followed at intervals by amodification of themethod 
of Ilagedom and Jensen. Typical curves obtained before and 20 hours after 
injecting 50 mgm./kgm. of Dibenamine subcutaneously are showm m figure 8. 
Dibenamine produces no significant inhibition of the epinephnne-mduced rise in 
blood glucose; indeed, a more rapid rise and fall m blood sugar are consistentt} 
present. After Dibenamine, epinephrine no longer limits its own absorption bj 
local vasoconstriction, and consequently it more readily enters the circulation, 
as reflected in the more rapid changes in blood glucose. ^ \ • 

Dibenamine does not block the marked hj-pcn-entilation induced by the in- 
jection of epinephrine. , , 

Actios in v.xvr.iiiMv.NT.in ren.m. nvPKnTBSSioN. Tlie theoretical ba.cis for 
the use of adrenergic blocking agents in experimental rcn.al hypertension is not 
firmlv established and the published work regarding the therapeutic effectiveness 
of .such agents is not conclusive. Forcxample, Alport of cl. (22) and Freeman and 
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Page (23) have reported that sympathectomy maj' cause a variable lowering of 
the blood pressure in dogs with renal hj'pertension but it does not prevent the 
development of the syndrome. In dogs with renal hypertension, Jacobs and 
Yonkman (24) demonstrated a slight hypotensive effect with chronic oral ad- 
ministration of large doses of yohimbine but this effect was not correlated irith 
the degree of blocking produced by the drug. 

Preliminarj" observations indicate that Dibenamine may be effective in lower- 
ing the blood pressure in rats with renal hypertension produced by compressing 
the kidneys according to the technic of Grollman (25). A response to the 
oral administration of Dibenamine is shown in figure 9. The decrease from the 
hypertensive level is marked and persists for several days after the last dose of 
Dibenamine. Studies are being continued to determine more e.vactlj’^ the e.vtent 



Fig. 8. Blood Suc.^r Respon.sl to Injected Epinephrine (.\rrow) in .a. Fasted Rabbit 

Before (• — •) .and 20 Hours after (• •) the Sdbcutaneods Ad.\iinistration 

of 50 Mg.m./Kg.ai. of Dibe.namine 

to which Dibenamine is capable of lowering the blood pressure in chronic renal 
hypertension. 

Action on the inhibitory effects op epinephrine. The results reported 
above indicate that Dibenamine blocks many of the “c.xcitatorj'” effects of 
epinephrine and of sympathetic nerve stimulation. In discussing the fall in 
blood pressure caused bj’^ epinephrine after Dibenamine, it was assumed that 
the drug exerted no blocking action on the “inhibitory” effects of epinephrine 
(t.c., vasodilatation). This assumption is supported by more direct obseiva- 
tions. When tested in vitro for its action upon spontaneously contracting small 
intestine (rat and rabbit), Dibenamine had no effect on the relaxation produced 
bj' epinephrine. Intestine obtained from animals previously treated with 
Dibenamine also showed a normal response to epinephrine. Epinephrine- 
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induced relaxation of the non-pregnant cat uterus in situ was also unaffected b3' 
Dibenamine in doses which completelj' reversed the blood pressure response 



I'lG. 9. Blood Pbessvbe Response of a Renal-Hvpbbtensive Rat to the Obal 
Admixistbation or 75 Mcm./Kcm./Dat of Dibenamine 

Black rectangle indicates period of treatment. Timcin days after compressingsecond 
Kmncy. 



A. a 

JO. 10. Kr.sroNM*. or Tin: Bu)on PnK^svnr and tiik Nos’-PniiGNANT Cat Utekus in sitl* 
TO EriNErnniNK (A) jiefouk and (B) after the Intravenovs Administration or 
15 MnM./KoM. OF Direnamine 

Doivmvnrd flcflcction^ in the lower tracing imlicale uterine relaxation. The arrows in- 
dicate the intravenou'* injection of 2.5#igm-/kKTn. of epinepbrinr. Time in minutes. 

(fig. 10). Although Oibonaminc does not prevent uterine relaxation in rc.sponsc 
to epinephrine, it is capable of preventing and reversing the epinephrine-induced 
contraction of the non-pregnant rabhit uterus, botl> in riVo and m rilro. 
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Toxicity. The to.xicit}’' of Dibenamine is manifested in two different waj's, 
in local tissue damage and in central nervous system stimulation. It is closely 
related chemically to the nitrogen mustards (alkyl di-/S-chloroethylamines and 
tn-/S-chlowethy]amine), and although much less reactive than the latter, it is 
capable of causing considerable local tissue destruction. This property is reflected 
in the high toxicity of Dibenamine after intraperitoneal administration. The 
L.D.jo for mice by this route is 75 to 100 mgm./kgm. as compared to 400 to 500 
mgm./kgm. when given subcutaneously. Death from intraperitoneal adminis- 
tration of doses near the L.D.m does not occur for one to seven days and is ap- 
parently due to local injury to the intestines and other abdominal viscera. 

Rapid intravenous injection of Dibenamine leads to coordinated clonic con- 
vulsions which may recur intermittently over a period of a few minutes .to an 
hour or more. Consciousness apparentlj' is retained as indicated by the per- 
sistence of cortical righting reflexes and grasping efforts during the comnilsion. 
Respiration is markedly stimulated. When Dibenamine is given rapidly in- 
travenouslj', the convulsive dose is approximately 25 mgm /kgm. for cats and 
35 mgm./kgm. for mice. Doses of 35 mgm./kgm. in cats and 50 mgm./kgm. in 
mice are frequently lethal within less than one hour. 

The central excitatory effect is apparently independent of the adrenergic 
blocking action of Dibenamine. Its congener, N,N-dibenzyl-aminoethanol, 
has no blocking acitivity but manifests a comparable con\'ulsant action. Also, 
central excitation due to Dibenamine appears earlier and disappears much 
sooner than the adrenergic blocking action. 

The L.D.so of intravenously administered Dibenamine varies greatly with the 
speed of injection. When the entire dose is given to mice within less than one 
minute, the L.D.jo is approximately 60 mgm./kgm. In contrast, doses as high 
as 300 mgm./kgm. are tolerated when given over a period of thirty minutes or 
more. In general, animals survive intravenous doses of almost any size if acute 
excitation of the central nervous system is avoided . The tolerated dose is greatly 
increased by slow injection or prior sedation with barbiturate. The highly 
variable injurious local reaction after intraperitoneal administration and the 
marked variation in central action with different rates of intravenous injection 
make accurate determinations of the L.D.jo by these routes difficult. 

The effective blocking dose of Dibenamine is much more constant than the 
toxic dose. The latter varies considerably with different routes and technics of 
administration, and this is reflected in variations in the therapeutic index. For 
example, the therapeutic index for protection of mice against the lethal effects 
of 10 mgm./kgm. of epinephrine administered intraperitoneally is 7 to 10 when 
Dibenamine is given intraperitoneally; about 40, subcutaneous^'; and from 6 to 
50, intravenously, depending upon the speed of injection. These figures support 
the conclusion that the adrenergic blocking action and toxic effects of Dibena- 
mine are not intimately related, a matter of importance in developing methods of 
administration which permit an adequate margin of safety. 

The nitrogen mustards selectively attack dividing cells and consequently 
exert a to.xic action on bone marrow and lymphoid tissues (26, 27, 28). Lympho- 
penia, granuloc 3 'topenia, thrombocj'topenia and even aplastic anemia maj' be 



dibenamine: an adrenergic bdocking agent 


181 


produced, and the effect on hemopoiesis is usually fully developed within a few 
days. In the range of tolerated doses, however, Dibenamine does not affect the 
bone marrow. Rats injected subcutaneously with as much as three times the 
adrenergic blocking dose daily for four months showed a normal blood picture at 
the end of the experiment except for a mild leukocytosis, probably in response to 
local irritation from the subcutaneous administration. Less prolonged tests 
■"■ith closely related compounds (N-ethyl-N-benzyl-^-chloroethjdamine and 
N,N-di{p-methylbenzyl)-0-chloroethylamine) also failed to produce bone 
marrow damage. It seems probable that at least two d-chloroethyl substitu- 
tions in the amine are necessary to produce bone marrow injury. 

Dibenamine exhibits only shght cumulative toxicity. Daily subcutaneous 
mjections of three times the adrenergic blocking dose ^ven to growing rats for a 
period of four months produce no permanent ill effects and only a slight decrease 
in the growth rate during the period of administration. The recovery of sus- 
ceptibility to epinephrine is complete approximately five days after the drug is 
discontinued. 

Locus OF ACTION OF DIBENAMINE. On the basis of experiments described 
above and certain additional obsen'ations, tentative conclusions may be drawn 

to the mechanism and locus of action of Dibenamine as an adrenergic blocking 
agent. One possible mode of action would be for Dibenamine to alter or pro- 
mote the alteration of epinephrine so that the inhibitory effects would predomi- 
nate. In connection with tbeir extensive observations on adrenergic neuro- 
effector systems, Cannon and Rosenblueth (14) suggested that ergotoxine might 
act to modify epinephrine in such a way that it could no longer effectively com- 
bine with the E substance in effector cells. Morison and Lissak (29) were able 
to show that 933F caused a tbree-fold increase in the rate of oxidative destruction 
of epinephrine in vitro, and they interpreted the limited adrenergic blocking 
action of 933F as due, at least in part, to an increased rate of destruction of 
epinephrine in vho. Although the j>N — CHiCHiCl grouping is capable of 
reacting with many substances, four different lines of eiidence indicate that 
Dibenamine does not produce its adrenergic blocking and reversing action by a 
direct alteration or destruction of epinephrine and sjunpathin. 

(1) . Dibenamine does not promote the destruction of epinephrine in vitro. 
It is possible to test directly the activity of epinephrine in mixtures with Di- 
benamine due to the somewhat delayed action of the latter. Control solutions 
Without Dibenamine and mixtures of 10 moles of Dibenamine to 1 mole of epi- 
nephrine were incubated at SS^C and at room temperature at pH 7.4. After 20 
hours all the solutions exhibited a decreased epinephrine potency as measured by 
pressor activity in anesthetized cats, but the solutions containing Dibenamine 
iiiuformly showed a greater pressor potency than the controls (an average of 
45% potency in solutions with Dibenamine at 3S°C compared to 21% for the 
controls, nnd 75% potency in solutions with Dibenamine at room temperature 
compared to 30% for the controls). The protection of epinephrine afforded by 
Dibenamine is undoubtedly due to the release of IICl during its decomposition 
in an alkaline fncclium with a slight lowering of the pH of the solution. 

(2) . Dihcnainine blocks and reverses the effects of epinephrine over a verj- 



182 


MARK KTICKERSON AND LOUIS S. GOODMAN 


wide dose range. Intravenous doses of epinephrine ranging from 0.1 ngm./kgm. 
to 10 mgm./kgm. (a range of 100,000 times) are completely blocked and reversed. 
It is difficult to conceive of Dibenamine promoting a sufficiently rapid and com- 
plete alteration of massive doses of epinephrine so that no excitatory action of the 
unaltered amine can be detected. 

(3) . The duration of action of a given dose of epinephrine, either endogenous 
or injected, is essentially the same before and after the administration of Di- 
benamine, as is apparent in figures 1 and 3. 

(4) . The blocking action persists after the Dibenamine has apparently been 
inactivated or excreted. More complete data on this point will be presented in a 
subsequent communication. 

Another possible mode of action would be for Dibenamine to promote the ac- 
tivation by epinephrine of cholinergic or histaminergic vasodepressor mecha- 
nisms. However, in numerous experiments atropine, Benadryl, and Pyribenza- 
mine were found to be completely ineffective in altering the vasodepressor re- 
sponse to epinephrine or s}’-mpathetic nerve stimulation in animals given Di- 
benamine. This was true in cats and dogs, although in the latter Bulbring and 
Bum (30) found the “sympathetic” vasodilators to be largely cholinergic. 

The experiments reported above do not offer any evidence for an alteration 
by Dibenamine of the release of sjunpathin at postganglionic nerve endings or of 
epinephrine from the adrenal medulla. Although qualitatively modified by 
Dibenamine, the circulatory responses to electrical stimulation of the splanchnic 
neiw-es (fig. 4) and to cholinergic stimulation of sympathetic ganglia (fig. 7) are 
not significantly altered in duration. These experiments as well as others on the 
reversal of the anoxic rise in blood pressure also indicate that Dibenamine has no 
significant action upon nerve or ganglionic transmission. 

Stimulation of the distal portion of the cut splanchnic nerves in adrenalec- 
tomized cats given Dibenamine causes vasodepression and tachycardia, indi- 
cating that both sympathin E and I are being liberated. This points to a locus 
of action of Dibenamine somewhere between the site of release of sjmpathin and 
the effector cells, probably directly on the latter. The mechanism by which 
Dibenamine prevents the excitatory response of effector cells to epinephrine and 
sympathin E is unknown at present. The block may be in some reaction essen- 
tial for the e.xcitation of effector cells by epinephrine or sympathin E. Practi- 
cally nothing is known of such a reaction, but the long duration of action of 
Dibenamine suggests that some substance required for this reaction is destroyed 
or inactivated and that it is only slowl 3 ' replaced or reactivated. Such an in- 
terpretation finds an analogy in the action of di-isopropyl fluorophosphate in 
destroj'ing cholinesterase (31). In both cases there is a similar prolonged action, 
but in the case of Dibenamine the substance acted upon is completely unknomi. 
Perhaps further studies of the blocking mechanism of Dibenamine will provide 
an understanding of the steps involved in the excitation of smooth muscle cells bj' 
epinephrine and sjanpathin. 

Discussion*. The e.xperiments reported above indicate the usefulness of 
Dibenamine as a tool for studying the function of the sjmpatho-adrenal sj’stem. 
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The drug also possesses characteristics which may permit its therapeutic use for 
blocking the effects of sympatho-adrenal activity. Dibenamine has a high 
specificity of action, and its primary side-effects (local tissue destruction and 
central excitation) can be largely eliminated by a proper selection of routes and 
rates of administration. The adrenergic block produced is unusually complete 
and prolonged, a matter of importance from a therapeutic as well as an experi- 
mental standpoint. Preliminary observations on the human pharmacology of 
Dibenamine (9) indicate that its actions in man closely parallel those in amimals. 

Numerous clinical conditions come to mind in which Dibenamine might be 
anticipated to exert a beneficial effect. For example, peripheral vascular dis- 
eases in which there is a component of functional spasm might he benefited by 
blocking the effects of sympathetic vasoconstrictor impulses. Raynaud’s 
disease, early Buerger’s disease (32), causalgic states (33, 34), and the vascular 
spasm accompanying embolism and thrombophlebitis (35) respond favorably to 
the interruption of sympathetic nerve impulses. Preliminary studies indicate a 
definite and prolonged salutary effect of Dibenamine in Raynaud’s disease. 
The treatment of polycythemia rubra vera by interference with sympathetic 
vasoconstriction is less well established, but it has an experimental basis in the 
work of Schafer (36). 

An adrenerpo blocking agent might also have specific usefulness in such cases 
of hypertension as may be due to hyperfunction of the sympatho-adrenal system. 
The potential value of sympathetic blocking agents in essential hypertension is 
less ob\'ious,.but it is suggested by the beneficial results obtained from total or 
sub-total sympathectomy (37, 38, 39). The preliminary obser\'ations on the 
effect of Dibenamine in experimental renal hypertension are also quite sugges- 
tive. A few cases of human essential hypertension given this drug showed an 
initial transient orthostatic hypotension and a more prolonged lowering of the 
blood pressure, but the response has been variable. 

Under certain conditions a blocking agent such as Dibenamine might be 
expected to have advantages over the methods currently employed to interrupt 
sympathetic nerve impulses. Its more prolonged action would constitute an 
advantage over paravertebral local anesthetic block and ganglionic block with 
tetracthylammonium compounds (40, 41). Advantages over sjmpathectomy 
would include an action on all vascular beds, avoidance of sensitization to epi- 
nephrine or sympathin, and the maintenance intact of such vasodilator fibers as 
may be present in the sympathetic pathways. Finally, Dibenamine would have 
Ibe important advantage over surgical resection of controlled reversibility. 

The drug is now being studied by a number of investigators for its possible 
clinical value, and their studies should proride answers to some of the questions 
raised in this discussion. 


SUMXWRY 

Studies on the pharmacology of N,N,dibonzyl-;S-chlorocthylammc (Dibcn.a- 
mine) revealed the following; 

1 . Tlie primary toxic effects of Dibenamine are local tissue damage and central 
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excitation. When central excitation is prevented by slow administration or 
sedation, large intravenous doses are well tolerated. 

2. Dibenamine produces its systemic effects when administered orally, sub- 
cutaneously, intramuscularly, intraperitoneally or intravenously. 

3. Dibenamine blocks and reverses the vasopressor response to all doses of 
epinephrine investigated (0.1 ngm. to 10 mgm./kgm). This adrenergic block- 
ing action may persist for three to four days after a single injection of Dibena- 
mine. 

4. Dibenamine does not prevent an increase in heart rate and cardiac output 
in response to epinephrine. 

5. Dibenamine blocks the excitatory responses of smooth muscle to sympa- 
thetic nerve stimulation and to epinephrine, as shown by: 

(a) Reversal of the vasopressor response to electrical stimulation of the 
splanchnic nerves, both in intact animals and after bilateral adrenalectomy. 

(b) Reversal of the vasopressor response to short periods of anoxia. 

(c) Prevention of the splenic contraction largely responsible for the increase in 
circulating erythrocytes and mononuclear leukocytes normally induced in un- 
anesthetized cats by a short struggle. 

(d) Prevention or marked reduction of mydriasis and retraction of the nicti- 
tating membrane in response to electrical stimulation of the cendcal sympathetic 
nerves or in response to injected epinephrine (even after denervation). 

(e) Prevention of the pilomotor response to electrical stimulation of the lower 
abdominal sympathetic chains. 

(f) Reversal of the nicotinic vasopressor response to large doses of choline 
esters in atropinized animals. 

(g) Reversal of the epinephrine-induced contraction of the non-pregnant 
rabbit uterus both in vivo and in vitro. 

6. Dibenamine provides protection against the lethal effects of several times 
the L.D.ioo of epinephrine. 

7. The cardiac irregularities elicited by epinephrine in dogs anesthetized with 
cyclopropane are almost completely prevented by Dibenamine. 

8. Preliminary experiments indicate that Dibenamine may be effective m 
lowering the blood pressure of rats with experimental renal h 3 ’^pertension. 

9. Dibenamine does not prevent the inhibitory effects of epinephrine, such as 
relaxation of the intestine or the non-pregnant cat uterus. The rise in blood 
glucose and the hyperpnea induced by epinephrine are likewise unaffected. 

10. The reversal of adrenergic vasopressor effects by Dibenamine is not altered 
by atropine, Benadrjd or Pyribenzamine, or by the anesthetic employed. 

11. Dibenamine apparently does not promote the in vitro or in vivo destruction 
of epinephrine. 

These results are viewed as indicating that Dibenamine probably acts directly 
upon effector cells to prevent excitatory' responses to epinephrine or sympathin 
E. The possible clinical usefulness of the adrenergic blocking action of Di- 
benamine is discussed. 
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excitation. ViTien central excitation is prevented by slow administration or 
sedation, large intravenous doses are well tolerated. 

2. Dibenamine produces its systemic effects when administered orally, sub- 
cutaneously, intramuscularly, intraperitoneall 5 ' or intravenously. 

3. Dibenamine blocks and reverses the vasopressor response to all doses of 
epinephrine investigated (0.1 pgm. to 10 mgm./kgm). This adrenergic block- 
ing action may persist for three to four da 3 's after a single injection of Dibena- 
mine. 

4. Dibenamine does not prevent an increase in heart rate and cardiac output 
in response to epinephrine. 

5. Dibenamine blocks the excitator 3 ' responses of smooth muscle to sympa- 
thetic nerve stimulation and to epinephrine, as shown by: 

(a) Reversal of the vasopressor response to electrical stimulation of the 
splanchnic nerves, both in intact animals and after bilateral adrenalectomy. 

(b) Reversal of the vasopressor response to short periods of anoxia. 

(c) Prevention of the splenic contraction largely responsible for the increase in 
circulating erythrocytes and mononuclear leukocytes normally induced in un- 
anesthetized cats by a short struggle. 

(d) Prevention or marked reduction of mydriasis and retraction of the nicti- 
tating membrane in response to electrical stimulation of the cervical sympathetic 
nerves or in response to injected epinephrine (even after denervation). 

(e) Prevention of the pilomotor response to electrical stimulation of the lower 
abdominal sympathetic chains. 

(f) Reversal of the nicotinic vasopressor response to large doses of choline 
esters in atropinized animals. 

(g) Reversal of the epinephrine-induced contraction of the non-pregnant 
rabbit uterus both in vivo and in vitro. 

6. Dibenamine provides protection against the lethal effects of several times 
the L.D.ioo of epinephrine. 

7. The cardiac irregularities elicited by epinephrine in dogs anesthetized with 
cyclopropane are almost completely prevented by Dibenamine. 

8. Preliminary experiments indicate that Dibenamine may be effective in 
lowering the blood pressure of rats with experimental renal hj'pertension. 

9. Dibenamine does not prevent the inhibitory effects of epinephrine, such as 
relaxation of the intestine or the non-pregnant cat uterus. The rise in blood 
glucose and the hyperpnea induced by epinephrine are likeirise unaffected. 

10. The reversal of adrenergic vasopressor effects by Dibenamine is not altered 
bj^ atropine, Benadryl or Pyribenzamine, or by the anesthetic emploj'ed. 

11. Dibenamine apparentlj' does not promote the in vitro or in vivo destruction 
of epinephrine. 

These results are viewed as indicating that Dibenamine probablj' acts directlj' 
upon effector cells to prevent e.xcitatorj' responses to epinephrine or sjmpathin 
E. The possible clinical usefulness of the adrenergic blocking action of Di- 
benamine is discussed. 
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of the changes reported here. Blood samples were taken by cardiac puncture 
before and at intervals after injection of the thiourea compounds. 

Glucose was measured by the method of Folin and Malmros (5) using 
a Somogyi (6) blood filtrate and glycogen according to Good et al. (7). Epine- 
phrine was measured by the method of Bloor and Bullen (8) and lactic acid ac- 
cording to Barker and Summerson (9). A Klett-Summerson colorimeter was 
employed for the colorimetric measurements. 

The procedure of Elliott et al. (10) was employed for measuring the oiddation 
of glucose by cell suspensions and anaerobic glycolysis was measured according 
to the procedure of Elliott and Henry (11). Whole cell suspensions were em- 
ployed for the measurement of aerobic glycolysis in the same test system em- 
ployed for measuring anaerobic glycolysis except that the gas phase consisted 
of 5% COr-95% Oj and the rate of glycolysis was obtained from lactic acid 
measurements on trichloracetic acid filtrates one hour after the beginning of the 
experiment. 

Adrenalectomy and hypophysectomy were performed under Nembutal an- 
esthesia. Adrenalectomized animals were used six days after removal of the 
adrenal glands and hypophysectomized animals were used six weeks after re- 
moval of the pituitary glands. The cortin-treated adrenalectomized animals 
received 0.1 cc. (four rat units) of Lipo-Adrenal Cortex (Upjohn) per day in- 
tramuscularly. 

Experimental. Effect of ANTU and Related Compounds on the Blood Glucose 
of Rats. Since the toxicity of thiourea to rats is quite variable and is influenced 
by such factors as age and diet (4) it is advisable to determine the toxicity of this 
compound to the particular group of animals employed. The toxicity of the 
four compounds employed in this investigation was measured prior to the ex- 
amination of their effects on carbohydrate metabolism and the LD50 for rats 
was found to be 5 mgm./kgm. of ANTU, 5 mgm./kgm. of phenylthiourea, 500 
mgm./kgra. of allylthiourea, and 2700 mgm./kgm. of thiourea. 

In previous studies there was a correlation between the species susceptibility 
to ANTU and the dose required to produce hyperglycemia in dogs and rats. 
The differences in the toxicity of thiourea and the thiourea derivatives used in 
the present study made it possible to determine whether there was any cor- 
relation between the toxicity of the individual compounds to rats and the dose 
required to produce a disturbance in carbohydrate metabolism. For these 
experiments groups of 5 rats were given various doses of the compounds and 
Wood glucose measurements were made at inten’als during the first 10 hours 
after administration of the to.vic compounds. Individual variations were small 
and in no case did they differ significantly from the average value for the group. 
All of the values shown in the accompan 5 dng figures are the average values for 
five animals. 

The results of glucose measurements on ANTU-poisoned animals are shown 
in figure 1 where it may be seen that 10 mgm./kgm. (Curve A) and 100 
mgm./kgm. (Curve B) of ANTU produced marked hyperglycemia, the time 
of onset and extent of the hyperglycemia being dependent upon the dose. TlTiile 
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Previous studies in this laboratory (1, 2) have shown that marked hyper- 
glycemia and depletion of liver glycogen result from acute poisoning of rats 
and dogs by the new rodenticide, alpha-naphthylthiourea (ANTU). The 
extent of these disturbances in carbohydrate metabolism varied with the dose 
of the compound and the species susceptibility to the rodenticide. 

The present investigation was undertaken for the purpose of finding (a) the 
cause of the hyperglycemia produced by ANTU, (b) methods of preventing 
and counteracting the effect, and (c) ivhether the disturbance in carbohydrate 
metabolism was an important factor in the lethal action of the rodenticide. 
The present communication contains the results of studies concerned nith the 
effects of ANTU on the carbohydrate metabolism of rats and guinea pigs. With 
regard to the cause of the hyperglycemia the effect of ANTU on the carbohy- 
drate metabolism of adrenal-demedullated and hypophysectomized rats was 
studied, and measurements of the effect of ANTU on glycolysis and on the 
oxidation of glucose were performed. The influence of insulin and ergotamine 
on the hyperglycemia and the toxicity of ANTU was e.xamined. 

Since similar changes in carbohydrate metabolism have not been demon- 
strated after acute poisoning by other mono-substituted derivatives of thiourea, 
as well as thiourea itself, it was of interest to measure the effects of thiourea 
and some thiourea derivatives on the carbohydrate metabolism of rats. Acute 
poisoning by these other compounds is similar to poisoning by ANTU in that 
they produce a delayed death with pulmonary edema and pleural effusion being 
the only prominent pathological changes (3, 4). Allyl thiourea, phenylthiourea, 
and thiourea were employed for these studies since the large differences in toxicity 
of these three compounds to rats facilitated a comparison of the toxicity of the 
compounds with the doses required to produce h3T3erglycemia. 

Methods. Adult male and female Sprague-Dawley rats and adult female 
guinea pigs were employed for these studies. Solutions of ANTU, phenyl- 
thiourea, and allylthiourea in anhydrous propylene glixol and aqueous solutions 
(25 per cent) of thiourea were injected intraperitoneally. The solutions were 
always prepared of such strength that less than 0.3% of the body weight was 
injected. This amount of propylene glycol was non-to.xic and produced 'none 

‘ This work was carried out under contract with the Medical Division of the Chemical 
Warfare Service. 
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2'(Curve C). However, a lethal dose (3000 mgm./kgm.) of thiourea produced 
a rise in blood glucose to 172 mgni.% in 3 hours (figure 2, Curve D). Thus, 
blood glucose measurements after acute poisoning of rats by thiourea clearly 
indicate that much larger quantities of the parent compound are necessary 
to produce disturbances in carbohydrate metabolism than were required in the 
case of the more toxic mono-substituted derivatives of thiourea. 

The results of these experiments on blood glucose indicate that hyperglycemia 
results from acute poisoning of rats by ANTU, phenylthiourea, allyl thiourea, 
and thiourea, and that there is a correlation between the toxicity of the in- 
dividual compounds and the dose required to produce a disturbance in carbohy- 
drate metabolism. 

Effect of ANTU on the blood glucose of guinea pigs. It was of interest to find 
the amount of ANTU necessary to produce hyperglycemia in guinea pigs since 



Via. 2. Tui: Effect of Allythioobea and Thioubea on the Bdood Glvcose of Rats 

Curve A, 200 mg./kg. allylthiourea; Curve B, 600 mg./kg. allylthiourea; Curve C, 600 
mg./kg. thiourea; Curve D, 3000 mg./kg. thiourea 

this species is resistant toward ANTU, the LD50 for our animals being 140 
mgm./kgm. For this experiment adult female guinea pigs were given 50, 100, 
and 200 mgm./kgm. of ANTU and blood samples were taken at intervals for 
10 hours. The results of these measurements are shown in figure 3 in which 
each curve represents the average values for 5 animals. 

As shown in figure 3 the administration of 50 mgm./kgm. of ANTU to guinea 
pigs (Curve A) caused no appreciable increase in blood glucose while 100 mgm. 
/kgm. (Curve B) produced an increase to 177 mgm.%, but the values returned 
to normal in 10 hours after administration of ANTU. This early return to 
normal did not occur in rats receiving this amount of the rodenticide. When a 
lethal dose of ANTU (200 mgm./kgm.) was given to guinea pigs (Curve C) 
the blood glucose increased to 188 mgm.% in 3 hours and then slowly decreased. 
Tlie results of this experiment demonstrate that much higher doses of ANTU 
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none of the animals survived the doses employed in this experiment some oc- 
casionally survived for 24 hours and the blood glucose has always returned to 
normal by that time 

Phenylthiourea is similar to ANTU in its toxicity to rats and the same quan- 
tities of phenylthiourea (10 and 100 mgm./kgm.) were therefore employed. 
The average blood glucose values are shown in figure 1 (Curves C and D) in 
which it may be seen that the blood glucose increased to values very near to 
those noted after similar doses of ANTU. Thus, acute poisoning by phenyl- 
thiourea also produces hyperglycemia in rats, the extent and the time of onset 
also being dependent upon the dose. The similarity in the effects of similar 
doses of ANTU and phenylthiourea on blood glucose is in agreement wth the 
similar toxicity of these compounds to rats. 



Fio. 1. The Effect of ANTU and Phentlthiotoea on the Blood Glucose of Rats 

Curve A, 10 ANTU; Curve B, 100 mg./kg. ANTU; Curve C, 10 mg.Ag- phenyl- 

thiourea; Curve D, 100 mg./kg. phenylthiourea. 

Allylthiourea is considerably less toxic to rats than phenylthiourea or ANTIi. 
For measurements of the effect of allylthiourea on the blood glucose of rats 
^0 and 600 mgm./kgm. of allylthiourea were employed. The results of blood 
glucose measurements are shown in figure 2 where it may be seen (Curve A) 
that a sublethal dose of allylthiourea (200 mgm./kgm.) produced an increase 
in glucose to 180 mgm.% in 5 hours and the value returned to normal in 10 
hours. The hyperglycemia was neither as pronounced nor as persistent as was 
observed with much lower doses of the more toxic phenylthiourea and ANTU. 
After 600 mgm./kgm. of allylthiourea (Curve B) marked hyperglycemia occurred 
indicating that lethal doses of this compound also produce hyperglycemia in 
rats. 

Thiourea was much less toxic to our rats than were any of the other com- 
pounds tested. In these experiments 600 mgm./kgm. of thiourea produced 
no change in blood glucose during a 10-hour sampling period as shown in figure 



ACTION OF THIOUREA DERIVATIVES 


191 


compound. The glycogen values for these animals and comparable controls 
are also shovm in table 1. Each of the values hated is the average of measure- 
ments on five animals. 

As shown in table 1 all of the compounds produced a decrease in hver glycogen 
of rats. The difference^ in the doses of each compound which were necessary 
to produce a decrease in hver glycogen are in agreement with the differences 
in the toxicity of these four compounds to rats. 

Effect of insulin and ergotamine on the hyperglycemia produced by ANTU. 
In considering the possible cause of the h 3 T)erglycemia and depletion of hver 
glycogen produced by ANTU and related compounds attention was given to 
epinephrine since previous experiments (2) had indicated that insulin prolongs 
the time before the onset of hyperglycemia in dogs after ANTU. In the present 



Fio. 4. The Effect op Insulin, Ergotamine, and Adbenal-Demedullation on the 
Htperoltcemia Produced bt ANT0 

Curve A, 10 mg./kg. ANTU; Curve B, lOmg.AB- ANTU plus 3 units/kg. insulin; Curve 
C, 10 mg./kg. ANTU plus 10 mg./kg. ergotamine tartrate; Curve D, adrenaWemedulIated 
rata given 10 mg./kg. ANTU. 

experiments the effect of insulin and ergotamine on the hyperglycemia produced 
by 10 mgm./kgm. of ANTU in rats was tested since these two drugs antagonized 
the glycogenolytic effect of epinephrine. One group of five rats was given 10 
mgm./kgm. of ANTU and served as the controls, ivhile another group received 
the same amount of ANTU plus 3 units/kgm. of insulin subcutaneously. A 
third group of five rats received 10 mgm./kgm. of ANTU and 10 mgm./kgm. 
of ergotamine tartrate subcutaneously. The drugs were given w-ithin 5 minutes 
after the administration of ANTU. Blood glucose measurements were made at 
intervals for 7 hours after administration of ANTU and the average values 
for each group are shorni in figure 4. 

Curve A (figure 4) shows the progressive rise in blood glucose to 195 mgm.% 
in 7 hours nroduced by 10 mgm./kgm. of ANTU. Insulin (Cun-e B) and er- 
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are necessary to produce hyperglycemia in guinea pigs than in rats, in agreement 
with the greater resistance of guinea pigs toward the rodenticide. 

Effect of thiourea and related compounds on liver glycogen. The experiments 
presented above indicate that acute poisoning by mono-substituted derivativesof 
thiourea, and thiourea itself, produce similar changes 'in carbohydrate metab- 
olism. Previous experiments (1, 2) had shown that ANTU produces a depletion 
of liver glycogen. It, therefore, seemed likely that other thiourea compounds 
would also cause a reduction in liver glycogen and this was found to be the case. 



Fia. 3. The Effect of ANTU on the Blood Glucose of Guinea Pios 
Curve A, 50 mg./kg.; Curve B, 100 mg./kg.; Curve C, 200 mg./kg. 


TABLE 1 

Effect of thiourea and related compounds on liter glycogen of rats 
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0 50 


1.29 

ANTU. . 

10 

0.03 

10 

0.76 

Phenylthiourea. 

10 

0.11 

10 

0.35 

Allythiourea 
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0.28 
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1 0.03 

Thiourea. 

3000 

0 23 

2500 

0 55 


For gl 3 ’cogen measurements the control animals were fasted for 19 hours 
and the poisoned animals were fasted for 13 hours before injection of the to.xic 
compound and for 6 hours after poisoning and were then sacrificed for glycogen 
determinations. The liver glycogen values after administration of lethal doses 
of thiourea, aUj’lthiourea, phenylthiourea, and ANTU are shown in table 1 
together with the average values for the control animals. Other measurements 
were carried out on female rats fasted for 6 hours after injection of the toxic 
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after ANTU for the chemical measurement of epinephrine. Althou^ the 
glucose rose to 186 mgm.% in 7 hours after ANTU no epinephrine could be 
detected in the hlood. Detennination of the rate of disappearance of injected 
epinephrine showed that there was no difference between normal and ANTU- 
poisoned rats. When 65 micrograms of epinephrine was injected into the tail 
veins of normal rats and rats which had received 10 mgm./kgm. of ANTU 3 
hours previously the average recovery was 37% for the control animals and 32% 
for the ANTU-poisoned group in 1 minute after injection of epinephrine, there 
being no significant difference in the rate of disappearance of injected epinephrine 
from the blood of normal and ANTU-poisoned rats. 

Effect of ANTU and phenylihiourea on glycolysis and the oxidation of glucose. 
The absence of the disturbance in carbohydrate metabolism in ANTU-poisoned 
rats after removal of the adrenal medulla and the antagonistic action of insulin 
and ergotamine indicated that increased glycogenolysis rather than inhibition 
of the utilization of carbohydrate was the cause of the hyperglycemia produced 
by ANTU. However, to insure that ANTU and phenylthiourea had no direct 
inhibitory effect on glycolysis or on the oxidation of glucose the effect of these 
substances on anaerobic and aerobic glycolysis, and on the oxidation of glucose 
was studied in vivo and in vitro. 

Whereas the rate of anaerobic glycolysis (Q Nj/COj) for normal rat brain 
was 8.8 the value for brain from rats sacrificed 4 hours after ANTU was 8.2, 
there being no significant difference in the rate of anaerobic glycolysis of brain 
from normal and ANTU-poisoned animals. Similarly, there was no effect on 
anaerobic glycolysis of lung tissue. Neither ANTU (1.25 X 10~‘ M) nor phenyl- 
thiourea (5 X 10“’ M) had'any inhibitory effect in vitro on anaerobic glycolysis 
of rat brain or lung tissue. Aerobic glycolysis of brain and lung tissue was not 
inhibited in vivo nor in vitro by ANTU or phenylthiourea. 

The oxidation of glucose by brain tissue was not inhibited by ANTU. 
\\Tiereas the average Qo, values for 4 normal rats was 3.9 that for 4 rats sacrificed 
4 hours after administration of 10 mgm./kgm. of ANTU was 3.8. There was 
no significant decrease in the rate of oxidation of glucose by lung tissue. Phenyl- 
thiourea (3 X 10"’ M) and ANTU (2.5 X 10“’]VI) had no effect on the oxidation 
of glucose by brain and lung tissues. The results of these experiments indicate 
that neither ANTU nor phenylthiourea have any direct effect on glycolysis 
or the oxidation of glucose. 

Discussion. Tlie physiological changes which result from acute poisoning 
by ANTU and related compounds are of importance because of the possible 
^ride use of ANTU ns a rodenticide and of certain other thiourea derivatives 
(12) in the treatment of hyperth 3 Toidism. WTiile the response of animals to 
lethal doses of many thiourea compounds is similar, as evidenced bj^ the intense 
pulmonary edema and pleural effusion (3, 4), no evidence of similar chemicnl 
changes has been presented previously. 

The studies presented here indicate that thiourea, allj-lthiourea, phenj'lthiourea, 
and ANTU all produce hj-perglycemia in rats. Tlio wide difference in toxicity 
of these compounds facilitate a comparison of the fo.xicitj’ of indindual com- 
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gotamine (Curve C) effectively antagonized the hyperglycemic effect of ANTU. 
The antagonistic action of both of these substances gave strong indications that 
the hyperglycemia produced by ANTU was due to the glycogenolytic action of 
epinephrine. 

Effect of adrenalectomy and hypophysectomy on the^ hyperglycemia produced 
by ANTU. In order to obtain further information concerning the cause of the 
disturbance in carbohydrate metabolism after acute poisoning by ANTU experi- 
ments were carried out on adrenalectomized and adrenal-demedullated rats. 
For these experiments a group of five adrenalectomized cortin -treated rats 
were given 10 mgm./kgm. of ANTU and blood glucose was followed for 10 hours. 
During this period there was no increase in blood glucose throughout the sampling 
period. Liver glycogen measurements on a group of five adrenalectomized 
cortin-treated rats gave an average value of 1.3% indicating that the liver gly- 
cogen was at a normal level at the time of administration of ANTU, and failure 
to obtain hyperglycemia in adrenalectomized animals after ANTU was, therefore, 
not due to inadequate liver glycogen at the time of administration of ANTU. 

In order to eliminate the possible influence of injected cortin on carbohydrate 
metabolism after ANTU other experiments were carried out on adrenal-demedul- 
lated rats. Six days after removal of the adrenal medulla liver glycogen was 
determined on a group of five of the animals and the average value for the group 
was 0.77%. Another group of five adrenal-demedullated animals was given 10 
mgm./kgm. of ANTU and blood glucose was measured for 7 hours after ad- 
ministration of the rodenticide. Cun'e D (figure 4) shows that there was no 
hyperglycemia following the administration of ANTU to adrenal-demedullated 
animals, thus indicating that the adrenal medulla is involved in the production 
of the hyperglj’cemia and depletion of liver glycogen after acute poisoning by 
ANTU. 

Another group of five adrenal-demedullated rats was given 10 mgm./kgm- 
of ANTU and the survival times observed to determine the effect of adrenal- 
demedullation on the survival time of ANTU-poisoned rats. All of the animals 
exhibited pulmonary edema and pleural effusion and died between 24 and 48 
hours after the administration of ANTU. Thus, while the survival time was 
a few hours greater than for normal animals after 10 mgm./kgm. of ANTL, 
prevention of h 3 perglycemia by demedullation did not protect the animals 
from the lethal effects of 10 mgm./kgm. of ANTU. 

The effect of 10 mgm./kgm. of ANTU on hypophysectomized rats was also 
measured. Hypophysectomy had no effect on the time of appearance, the 
extent, nor the persistence of the hj-pergli'cemia, and it did not influence the 
survival time nor the extent of the damage to the lungs. 

Epinephrine content of the blood of ANTU-poisoned rats. Because of the 
above evidence that the adrenal medulla was involved in the hj-perglj'cemic 
effect of ANTU it was of interest to measure the epinephrine content of the blood 
of ANTU-poisoned rats in order to ascertain whether ANTU caused an increased 
liberation of epinephrine. Accordingly, rats were given 20 mgm./kgm. of 
ANTU intraperitoneally and blood samples were taken at 1, 3, 5, and 7 hours 
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ment ivith the previous findings of Bemheim and Bernheim (14) who demon- 
strated that phenylthiourea had no inhibitory action on this oxidative process. 
The absence of an inhi bitory effect of these substances on glycolysis and the 
oxidation of glucose is in agreement with the results obtained vrith adrenal- 
demedullated rats in which the glucose remained at normal values, 

SUMMARY 

1. Acute poisoning by ANTU, phen 3 dthiourea, allylthiourea, and thiourea 
results in hyperglycemia in rats, the time of appearance,’ extent, and duration 
of hyperglycemia being dependent upon the dose of the compounds administered 
and upon the to.xicity of the individual compounds to rats. Higher quantities 
of ANTU were necessary to produce hyperglj'cemia in guinea pigs than in rats 
in agreement vith the difference in toxicity of the rodenticide to those two species. 

2. Lethal doses of ANTU, phen 5 dthiourea, allylthiourea, and thiourea pro- 
duced a marked drop in liver glycogen in rats. 

3. Both insulin and ergotamine antagonized the hyperglycemic effect of 10 
mgm./kgm. of ANTU, and adrenal-demeduUation prevented the hiTJerglycemia, 
but the survival time of rats was not increased by insulin, ergotamine, or adren J- 
demeduUation. 

4. Hypophj'sectomj' did not prevent the hj^pergli'cemia or increase the sm- 
vival time of-rats after 10 mgm./kgm. of ANTU. 

5. There was no detectable increase in the epinephrine content of blood from 
ANTU-poisoned rats. 

6. Neither ANTU nor phenjdthiourea inhibited glycolysis or the oxidation 
by glucose bj- brain or lung tissue. 

Admmcledgemenl. The authors are indebted to Dr. E. M, K. GeUing, Pro- 
fessor of Pharmacology, University of Chicago, and to Dr. J. 0. Hutchens, 
Director, University of Chicago Toacity Laboratory for helpful suggestions 
during the course of this investigation, and to the Upjohn Laboratories for 
the Adrenal Cortical Extract. 
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pounds TOth the doses required to produce hyperglycemia in rats, in which it 
was noted that quantities near of above the lethal dose of each compound were 
necessary in order to produce the hyperglycemic response.' Thus, it is possible 
to predict whether animals have received a lethal dose of the compounds by 
measuring blood glucose at intervals during the first 10 hours after injection of 
the compounds. Further evidence that the hyperglycemia is associated with 
lethal, doses of ANTU was obtained in experiments with guinea pigs in which 
it was found that much higher doses of ANTU were required to produce hy- 
perglycemia in this resistant species than in rats. That the disturbance in 
carbohydrate metabolism did not always persist until death was seen in cases 
where animals survived for 24 hours since the blood glucose values for these 
animals had returned to normal. 

The 'depletion of liver glycogen which resulted from acute poisoning by all 
of the compounds can be explained by increased glycogenolysis. The antag- 
onistic action of insulin and ergotamine toward the hyperglycemia produced 
by ANTU together with the absence of the hyperglycemic effect in ANTU- 
poisoned adrenal-demedullated rats give strong indications that epinephrine 
is involved in the hyperglycemic effect of ANTU and related compounds. Since 
the experiments presented here indicate that ANTU does not cause an increased 
liberation of epinephrine it seems more likely that the glycogenolytic effect 
might be due to a failure of tissues from ANTU-poisoned animals to inacti- 
vate epinephrine at a normal rate. Another factor which remains to be in- 
vestigated is the possible influence of certain cellular substances on the gly- 
cogenolytic action of epinephrine as has been suggested recently by Murray 
and Morgan (13) in experiments on the carbohydrate metabolism of ascorbic 
acid deficient guinea pigs. While much attention has been given to the effect 
of thiourea derivatives on the thyroid gland the present study provides the 
first evidence that the adrenals are affected by these compounds. 

■While hyperglycemia results from poisoning by many chemical compounds 
in most cases the significance of this disturbance as a contributing factor in 
the lethal action of the particular compound has not been determined. In 
the present studies it has been possible to prevent the disturbance in carbohy- 
drate metabolism mthout appreciably affecting the resistance of the animals 
toward ANTU, thus indicating that the effect of ANTU on carbohydrate me- 
tabolism is not the major factor in its acute toxic effects on animals. Although 
the hyperglycemia was prevented by insulin, ergotamine, and adrenal-demedul- 
lation these treatments did not prevent the pulmonary edema and pleural ef- 
fusion which appear to be the direct cause of death. It is interesting that the 
hiT^erglycemia is so closely associated with lethal doses of the compounds but 
does not contribute appreciablj’- to their lethal action. Further investigations 
may reveal, however, that there is some relationship between the factors re- 
sponsible for the hyperglycemia and those responsible for the damage to the 
capillaries. 

The failure of ANTU and phenylthiourea to inhibit gl 3 'colysis and the oxida- 
tion of glucose indicate that these substances do not inhibit the utilization of 
carbohydrate. The absence of an effect on the oxidation of glucose is in agree- 
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tion of BAL was the 10 per cent solution in peanut oil and benzyl benzoate as 
prepared for human use (4) (5), but diluted with U.S.P. peanut oil to form a lto2 
per cent solution. 

Animals alive and well thirty days after the injection, ndth no loss in body 
weight, were considered to have been protected by BAL. With 3 of the com- 
pounds, the control animals, not treated with BAL, regularly died in one to 
three days; with the fourth compound, the p-CHj phenylstibonic acid, death was 
significantly delayed, and control animals died in one to 12 days. 

Effect of BAL on antimony excretion. To determine the effect of BAL on the 
urinary excretion of antimony, animals were injected intravenously with each of 
the compounds at the LDeo level. After 24 hours in a metabolism cage, the 
bladder was catheterized and irrigated, and the specimen pooled with that 
collected in the cage. The animal was then tied down, and two successive 

TABLE 1 


The acute toxicity in rabbits of Anthiomaline, tartar emetic, Fuadin and •p-CHi phenylstibonic 
acid on single intravenous injection 
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2-hourly urine specimens were collected by catheterization and irrigation prior to 
the administration of BAL (single intramuscular injection at 20 mg./kg.). Two 
similar specimens w’ere collected after the injection of the BAL; and the animals 
were then placed in a metabolism cage for the collection of the following 24-hour 
urine specimen. 

Two animals were tested with each compound; and because of deaths occurring 
ui 24 hours at the LDjo dosage, it was necessary to inject a larger number of 
animals in order to obtain at least two survivors. 

B ith tartar emetic, one rabbit was similarlj' treated with BAL 72 hours after 
the injection of the antimonial. 

The antimony content of the urine specimens was determined bj* the Maren 
(7)-Frccdman (8) modification of the rhodamine B method. 

ExPERiMENTAn RESULTS. A. The effect of BAL on the surciral of rahhits 
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The discovery of 2,3-dmiercaptopropanol (“BAL”) by Peters, Stocken, 
Thompson and their associates has been described in several recent reviews (1) 

(2) . These workers demonstrated its pronounced affinity for arsem'cals, its 
ability to remove arsenic from combination with tissues, and its detoxifying 
action when applied to the skin of animals poisoned with arsenical blister gases. 
Previous communications from this laboratory have described the development 
of a stable solution of BAL in peanut oil and benzyl benzoate suitable for intra- 
muscular injection (3), the efficacy of that solution in the systemic treatment of 
experimental arsenic poisoning with mapharsen, lewisite, and phenyl arsenoxide 

(3) , and the results in the treatment of 227 human cases of arsenic poisoning 
(encephalitis, dermatitis, blood dyscrasias, jaundice and fever) occurring as 
complications of arseno therapy (4) (5). 

It was a natural extension of these studies to determine the efficacy of BAL in 
other types of heavy metal poisoning, involving elements which might reasonably 
be expected to form stable cyclic linkages with BAL, resembling those formed by 
arsenic. The present paper mil describe such studies with a series of orgamc 
antimonials, some of which have been used in the treatment of tropical diseases. 
In a similar study carried out independently, Braun, Lusky and Calvery (6) 
have shown that the lethal dose (LDjo) of antimony potassium tartrate, “Fuadin” 
and “Neostam” was increased more than 50 per cent by the administration of 
BAL in relatively large doses (30, 15, 15 and 18 mg./kg.) 1, 6, 24 and 48 hours 
after the antimonial. 

Methods and Materials. The antimonials used in the present study were 
“Anthiomaline” (antimony lithium thiomalate), “Fuadin” (sodium antimony 
bis-catechol-2, 4-disulfonate), tartar emetic (antimony potassium tartrate), and 
p-methylphenylstibonic acid. The “Anthiomaline” and “Fuadin” were gener- 
ously supplied by Merck and Company and the Winthrop Chemical Company, 
respectively. The last-named compound was prepared in this laboratory (12). 

Effect of BAL on survival. With each of these 4 compounds, the lethal dose on 
a single intravenous injection was first determined. A series of rabbits were 
then given a dose well in excess of the LDts value, and treatment will BAL was 
begun 2 hours later, at dosages per injection varying from 20 down to 5 mg. per 
kg. Treatment \vith BAL was repeated every 4 hours to a total of 4 doses on the 
first day, tapering off thereafter as indicated in the Tables. The stock prepara- 
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administration of BAL had a regular and definite protective action. With all 
four compounds, dosages of BAL on the order of 10 to 15 mg. per kg. saved 
approximately half the animals. Although it is not indicated in table 2, death 
was significantly delayed in many of the animals which ultimately died. Some 
of these might perhaps have been saved had intensive treatment with BAL been 
continued for a period of e.g. 7 days. 

B. The effect on BAL on the urinary excretion of antimony. In the case of 
arsenicals, it had previously been shown that the protective action of BAL was 

TABLE 3 

The effect of BAL on the urinary excretion of Anthiomaline 
Rabbit A-5523 (3.6 kg.) was injected intravenously with 0.52 cc. of a 6% solution of 
Anthiomaline (16.7% antimony). The dosage of 8.6 mg./kg. was the LDto level of this 
compound, and represented a total of 5150 micrograms of antimony. Urine was obtained 
by bladder catheterization and irrigation at the times indicated. BAL was given in- 
tramuscularly 28 hours after the antimonial, as a single injection at 20 mg./kg. (3.6 cc. 
of a 2% solution in peanut oil). 
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associated with an increased urinary e.\cretion of arsenic (3-5)(9)(l0). With 
highly toxic compounds such as phenyl arsenoxide or lewisite, which are firmly 
bound by tlie tissues and which are e.xcreted only slowly (11), the rate of urinary 
excretion was increased as much as a hundred-fold by the administration of 
BAL (3). Less to.xic compounds, such as mapharsen, are normally excreted 
far more rapidly. Tliis rapid excretion tends to mask the increased excretion 
caused by BAL; but even with mapharsen, in both rabbits (3) and man (4) 
(5) (9), the administration of B.AL was followed by a significantly increased 
urinary excretion of arsenic. 
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receiving olhenirise lethal doses of antimonial. Preliminarj' experiments to deter- 
mine the acute toxicity for rabbits of the 4 compounds here studied are sum- 
marized in table 1. The LDss values of Fuadin, tartar emetic, Anthiomaline, 

TABLE 2 

The ■protective action of BAL in rabbits poisoned with LDn doses of antimonials 
Animals were injected intravenously with a single dose of antimonial at 1 to 1.5 times 
the LDis level. Intramuscular treatment with BAL in peanut oil and benzyl benzoate 
was begun 2 hours later at the dosages indicated in the table, and repeated every 4 hours to 
a total of 4 doses in the first 24 hours. Most of the animals received two additional injec- 
tions of BAL at the same dosage level in the second 24 hours; the others, indicated with an 
asterisk (*) in the table, instead received single daily injections on the 2nd, 3rd and 4th daj'. 



and p-methylphenylstibonic acids were, respectively, 150, 15, 12 and 10 mg./kg. 
Animals were then given doses of antimonials significantly in excess of that LDss 
level, and treatment tvith BAL, in varying dosage, was begun 2 hours later. 
All the control animals, receitdng no BAL, died. As shotvn in table 
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A single experiment in wliicli the BAL was given 72 hours after an LDjo dose 
of tartar emetic is summarized in table 5. Despite the long interval, imd despite 
the fact that by far the greater portion of the antimony injected had already 



CD 

HOURS BEFORE BAL HOURS AFTER BAL 

Fio. 1. The Effect of BAL on the Urinahy Excretion of Antimony 
(After data of tables 4 and 5) 

• — • Fuadm 
N — X Antbiomaline 
O — O Tartar emetic 

, All rabbits v.ere injected intravenously with LDig dosages of the various antimonials 
(cf table 4) BAL was injected intramuscularly 2S hours later at a dosage of M mg Kg 
given as a single injection of a solution in peanut oil and benzyl benzoate In one experi- 
ment (curve p--0 in the figure) BAL was given 72 hours after the antimonial Urine sam- 
ples were collected by catheterization at the time period indicated in the figure The ab- 
scissae in the figure are the hourly urinary excretion of antimony in micrograms 

been excreted, BAL caused a significant increase in the rate of urinary antimony 
excretion For the first two hours, tlie rate of excretion increased from the 
pre-BAL level of 21 micrograms of antimony per hour to 45. It averaged 32 
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There was reason to believe that, as with arsenioals, the protective action of 
BAL in experimental antimony poisoning reflected its ability to remove antimony 
from an otherwise fatal combination with vital components of the body tissues. 
However, since three of the antimonials here used had toxicities of the same order 
of magnitude as that of mapharsen (LDjo of 13 mg./kg.), while one was even 
less toxic, there was the possibility that the increased urinary excretion of rela- 
tively small amounts of antimony liberated from the tissues by BAL might be 
masked by the rapid urinary excretion occurring independently of BAL. 

One of 2 experiments mth Anthiomaline is given in detail in table 3. Similar 
experiments with all 4 compounds are summarized in table 4, and in figs. 1 and 
2. The hourly urinaiy excretion of antimony before and after the injection 
of BAL is plotted in fig. 1 in absolute terms (micrograms per hour), and in fig. 
2 as the percentage of the immediate pre-BAL level. 

TABLE 4 


Effect of BAL on rate of antimony excretion of Fuadin, Anthiomaline, tartar emetic and 
p-methylphenyl-stibonic acid 
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877,8 

SI3.3 

II7.4 

116.6 

114.6 

60.8 

376.1 
20s .5 

2S2.6 

83.2 

1.7 

2.5 

1 

1 

1 

0.6 

0.3 

32s 

314 

63 

Anthiomnhne 

S.6 

A-S523 

5,150 

93.9 

42.7 

ig 

132.5 

69.6 

1.8 


M 


IS 



71 

A-5746 

3,726 

(7 2 

8.4 


31.6 

19.2 

0.5 

Q 

Q 

Q 




— 



A-55I5 


193.3 

53.0 

49.0 

101.7 

76.5 

2.3 


Q 


0.8 

20s 

ISO 

S6 

Tartar emetic 

13 

A-539S 

14,400 

195.1 

63.9 

53,6 

96.2 

95.2 

1.4 

0.4 


Qn 

0.7 

164 

162 

78 



A-5623 

9.400 

228.8 

54.8 

36.4 

122.6 

S0.5 

2.4 

0.6 



0.9 

337 

221 

63 

p-Wctbylphenyl- 


A-5566 

9.S61 

151 3 

1.6 

2.5 

3.7 

6.6 

1.5 

0.0 

0.1 

Bn 

0.1 

148 

264 

144 

stibonic acid 


A-3C29 

9.445 

132.0 

3.2 

2.1 

2.5 

2.5 

1.4 

0.1 

0.0 

0.1 

0.1 

119 

119 

10 

















■— 


It is clear that with tartar emetic, Fuadin and Anthiomaline, all injected 
at the LDso level, a single injection of BAL at 20 mg. per kg., given 28 hours 
after the antimonial, was followed by a significant increase in the urinary ex- 
cretion of antimony. For the first 2 hours after the injection of BAL, the rate 
of excretion was 2 to 8 times greater than the pre-BAL rate, averaging 3 times 
greater; in the second 2 hours it wa? 1 to 5 times greater, averaging 2; and in the 
following 24 hours, it was at the pre-BAL level or less. Only with the p-CHj 
phenylstibonic acid did BAL fail to cause an increased urinary excretion, this 
despite the fact that it did save a significant proportion of animals injected at 
the LD 95 level. It is particularl 3 ^ to be noted in figs. 1 and 2 that in every 
animal studied, the rate of antimony excretion was falling prior to the adminis- 
tration of BAL. The 2- to 8-fold increase obseived after its administration 
is clearly to be related to the injection of BAL, and is not fortuitous. 
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margin of safety consistent with a maintained action of BAL, may therefore 
be equally applicable in the treatment of antimony poisoning. 

TABLE 5 

Tht effect of BAL on the urinary antimony excretion seventy-two hours after the 
administration of tartar emetic 

Rabbit A-6673 (2.72 kg.) was injected intravenously with 3. 25 cc. of a 1% solution of 
tartar emetic (36.5% antimony) at the LDjo level (12 mg./kg., representing a total of 
11,800 micrograms of antimony). BAL was administered intramuscularly 72 hours after 
the antimonial, as. a single injection at 20 mg./kg. (2.72 cc. of a 2% solution in peanut 
oil). Three successive 2-hour urine specimens were obtained by bladder catheterization 
and irrigation before and after the BAL injection. 


HOtms OT 

murz 

COLyiCTION, 

VOL- or 

COMBINED 

ANTniONY 

TOTAL 

ANTlilOKY 

%or 

CmiITLATI\X TOTAW 
EXeSETED IN URINE 

HOURLY EXCRETION 

OF ANTIMONY 

injection or 
BAL 

WASHINGS 

SPECIMEN 

INJECTED 

Micro- 

grams 

% of amt. 
injected 

1 Micro- 
grams 

^ of amt. 
injected 


CC. 

microgramsl 

cc. 

micrograms 






-6 - -4 

33.8 

1.2 

40.6 

0.3 

40.6 

0.3 

20.3 

0.2 

-4 - -2 

25.8 

1.8 

46.4 

0.4 

87.0 

0.7 

23.2 

0.2 

-2- 0 

23.6 

1.8 

42.5 

1 

0.4 

129.5 

1 

1.1 

21.3 

0.2 

BAL 

0 - 2 

28.1 

3.2 

90.0 

0.8 

219.5 

1.9 

45.0 

m 

2- 4 

21.6 

3.0 

64.8 

0.6 

284.3 

2.5 

32.4 


4 - 6 

19.3 

1.8 

34.7 

0.3 

319.0 

2.8 

17.4 

■9 


SUMMARY 

1. On single intravenous injection, the lethal (LDss) levels of Fuadin, tartar 
emetic, Anthiomaline and p-methylphenylstibonic acid were found to be 150, 
15, 12 and 10 mg./kg., respectively. 

2. BAL had a definite protective action in rabbits given otherwise lethal 
doses of these antimonials. With all four compounds, injections of BAL at 
10 to 15 mg./kg. administered 4 times at 4-hour intervals saved approximately 
half the animals. 

3. As has been previously show-n to be the case with arSenicals, the protective 
action of BAL in experimental antimony poisoning was, in 3 of the 4 compounds 
tested, associated with and probably due to a significantly increased urinary 
excretion of antimony. The hourly rate of excretion increased 2- to 8-fold in 
rabbits given a single injection of BAL at 20 mg./kg., 28 hours after the injection 
of the antimonial at the LDso level. This favorable effect on excretion lasted 
for 2 to 4 hours, indicating the need for repeated injections at approximately 
4-hour inteiwals when BAL is used therapeutically in cases of antimony poisoning. 
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in the ne.xt two-hour period, and'had reverted to the “normal” level of 17 micro- 
grams per hour in the third 2-hour period. This experiment is indicated by the 
dotted circles in figs. 1 and 2. 



HOWS BCFOREBAL HOURS AFTER BAL 

Fig. 2. The ErfEcr of BAL on the Urinary Excretion of Antisiony 
(After data of tables 4 and 5) 

The experimental data have here been iilotted on a percentage basis, referred to 
hour period immediately preceding the injection of BAL as 100. The symbols have the 
same significance as in figure 1. 

With the arsenicals, it had been observed in both rabbits (3) and normal 
human subjects (10) that the favorable effect of BAL on arsenic excretion lasted 
for only 2 to 4 hours, reflecting both the rapid excretion of BAL and its destruc- 
tion in vivo. It is evident that this is true also of the antimonials here studied. 
The four-hourly schedule developed lor the administration ol B,*i.L in the treat- 
ment of arsenic poisoning in man (4) (5), designed to provide the maximum 
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The search for new, non-opiate analgetics which has been in progress in recent 
years seems to have by passed the salicyl compounds. The reasons for this are 
not clear, but low water-solubility may be a factor. Salicylamide has been 
studied in various aspects by various authors (quoted by Houben (1)), but there 
appear to be no studies of its analgetic action nor are there studies of its toxicity 
as compared with other analgetics. It has been reported that salicylamide is 
hydrolyzed by various enzymes and tissue fluids (2, 3), but these studies cannot 
be relied upon since the tests used are not adequately specific to distinguish 
between salicylamide and certain other salicylates. 

Since salicylamide has been showm. to be absorbed from the intestinal tract 
(4, 5) we reinvestigated this compound. We have also studied the two possible 
acetyl derivatives of salicylamide and two of its many possible halogen deriva- 
tives. These have been compared udth sodium salicylate, acetylsalicylic acid, 
nntipyrine, aminopyrine, acetanilid and acetophenetidin in respect to toxicity 
and analgetic potency. 

Methods. As indicated above most of the compounds used in this study are poorly 
soluble in water. Thus parenteral administration would be possible only with aqueous 
solutions of unphysiologic acidity or alkalinity or with solutions in other solvents. There- 
fore we have used oral administration exclusively. Aqueous suspensions of the drugs 
(usually in 5 or 10 per cent concentration) proved to be-satisfactorily stable when gum traga- 
eanth was included in 1.0 or 1,5 per cent concentration. These suspensions were adminis- 
tered from a hypodermic syringe of suitable size through a stomach tube. For mice and 
rats the stomach tubes were made from hypodermic needles (18 and 14 G respectively) by 
grinding off the bevel. For rabbits a size 16F rubber catheter served as stomach tube. 

Deaths occurring within 48 hours after admipistration of a single dose of a drug were con- 
sidered to bo duo to its action. The occasional death which occurred several days after a 
single dose of a drug was considered to be due to extraneous factors. The LD 50 was ap- 
pro.ximated graphically. 

The analgetic action of these drugs was evaluated by a modification of the method de- 
veloped by D’Amour and Smith (6) . This method was chosen because it seems convenient 
for small animals and thus facilitates the use of adequate numbers to allow for individual 
variation. This procedure measures the duration of a constant-intensity heat-stimulus 
required to produce a response when applied to a ratia tail. The heat from a 50 candle- 
power incandescent light is concentrated by an appropriate reflector and focused by a lens 
on the terminal portion of the rat's tail. The response taken ns the end-point is a charac- 
teristic twitch easily recognized after short experience. 

> Supported in part by a grant from Frederick Stearns and Company for research in 
Pharmacology. 


205 



204 


EAGLE, GERMUTH, JR., MAGNUSON AND FLEISCHILAN 


3. Eagle, H., Maonuson, H. J., and Fleischman, R.: J. Clin. Invest., 26: 451, 1946. 

4. Eagle, H.: J. Ven. Dis. Inf., 27: 114, 1946. 

5. Eagle, H., Magnuson, H. J., and Fleischman, R.: Am. J. Syph., 30: 420, 1946. 

6. Braen, H. a., Luskt, L. M., and Calvery, H. 0.: Supplement to This Journal, 87: 

119, 1946. 

7. Maben, T.; Bull. J. H. H., 77: 338, 1945. 

S. Freedman, L. D.: Ind. <t Eng. Chem,, Anal. Ed., in press. 

9. Leutscher, j. a.. Eagle, H., and Longcope, W. T.: J. Clin. Invest., 26: 534, 1946. 

10. Wexleb, j., Eagle, H., Tatdm, H. J., Magnuson, H. J., and Watson, E. B.: J. Clin. 

Invest., 26: 467, 1946. 

11. Hogan, R. B., and Eagle, H.: This Journal, 80: 93, 1944. 

12. Doak, G. 0., AND Steinman, H. G.: J.A.C.S., 68: 1987, 1946. 



ACTIONS OF SAMCYLAMIDE 


207 


once daily, six days per week by the same technique used for other studies. 
When acetylsalicylic acid was given in a dose of 0.9 gm./kgm./day, fourteen 
of the fifteen rats used died following the second dose. The fifteenth animal 
was not studied further. When the dosage was reduced to 0.7 gm./kgm./day, 
five of the fifteen rats used died following the third dose (one additional animal 
died at this time as a result of accidental administration of the drug suspension 
into the lung), three animals died following the fourth dose, three following the 

TABLE 1 

Comparative toxicity and analgetic potency of the salicylates and some other 
analgetic compounds 

LD 50 is the amount required to kill 50 per cent of a large group of animals (calculated 
from groups given various doses). AD 50 is the amount required to produce significant 
analgesia in 50 per cent of a group of animals (calculated from groups given various doses). 
Fifteen or more animals were used at each dose except where otherwise indicated. 


COUPOUNZ) 

ANDiAX. 

LD 50 

AD 50 

Sodium salicylate 

Mouse 

tni./igm. 

0.9 

gms./kim. 


Rat 

1.6 

0.13 


Rabbit (6/dose) 

1.7 

— 

Acetylsalicylic acid 

Mouse 

I.l 

— 


Rat 

1.5 

0.35 


Rabbit (12/dose) 

1.8 

— 

Salicylamide 

Mouse 

1.4 

— 


Rat 

1.4 

0.06 


Rabbit (6/dose) 

3.0* 

— 

0-Acetyl salicylamide 

Rat (10/dose) 

1.8 

0.13t 

N-.4.cetyl salicylamide 

Rat (10/dose) 

2.0 

0.06t 

BromosaHcylamide 

Rat (10/dose) 

4.0* 

0.06t 

Biiodosalicylamide 

Rat (10/dose) 

1.4* 

0.06t 

Antipyrine 

Rat (10/dose) 

1.8 

0.22 

Aminopyrine 

Rat 

1.7 

0.75t 

Acetanilid 

Rat 

1.7 

0.18 

Acetophenetidin 

Rat 

2.6 

0.56 


* Less than 50 per cent killed by this dose. Larger doses not used (see text), 
t More than 50 per cent showed significant analgesia at this dose. Smaller doses not 
used because of scarcity of material. 

t Less than 50 per cent showed significant analgesia at this dose. Larger doses not used 
because of toxicity. 


fifth dose, one following the twelfth dose, and the remaining two survived a 
total of 29 doses at which time the experiment ' was discontinued. Further 
reduction of the dosage to O.o gm./kgm./day resulted in more prolonged survival; 
four of the fifteen rats died after the second dose, one after tlie third dose (one 
more died at this time from faulty administration), one after the sixth dose, 
and the remaining eight survived a total of 19 doses at which time the experiment 
was discontinued. 
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Our modification of the method consists in arranging the apparatus so that the animal is 
exposed to a warmth stimulus before the pain stimulus is applied. This is accomplished by 
including a suitable resistance in the circuit and arranging switches so that the light burns 
at reduced intensity until the resistance is short-circuited and the high.intensity stimulus 
applied. The timer operates only while the pain stimulus is being applied. The resistance 
is so adjusted that the animal will tolerate the warmth indefinitely. We believe that this 
modification increases the reliability of the results by permitting the rat to become adapted 
to a sensation of warmth and thus eliminating premature response to the heat stimulus. 

A normal, untreated rat will respond to a etimulus applied as described in some 3 to a 
seconds and the response time will vary somewhat in consecutive trials. The average re- 
sponse time of our rats is in essential agreement rvith that reported by D’Amour and Smith 
(6), but they found the variability so Ion- as to be negligible. We have not found response 
times to be reproducible from rat to rat nor in the same rat from time to time and do not feel 
justified in neglecting this factor. Analysis of data obtained on a large number of normal 
rats has shown that, with our procedure, consecutive observations on the same rat made 
at about 30 minute intervals will usually fall within plus or minus 1 .7 seconds of the average 
of those observations. Therefore we consider that an increase in response time of at least 
2.0 seconds is required to indicate significant analgesia in a given animal. This criterion of 
analgesia is admittedly a severe one, but it seems desirable since by its use we err on the 
conservative side if at all. 

To make allowance for these factors we have adopted the following procedure for testing 
analgetics. Three control observations are made (at about 30 minute intervals) on each 
rat on the day of the experiment; the animal is then given the drug being studied; and addi- 
tional observations are made IS, 45, 75 and 105 minutes after the drug was given. The 
three control response times are averaged and this figure compared with each of the four 
response times observed after the drug was given. If any one of the four exceeds the con- 
trol average by 2.0 seconds or more that rat is considered to have shown significant anal- 
gesia. The incidence of analgesia in the group of rats is then tabulated as if the response 
were all-or-none. From several groups handled similarly the dose of the drug required to 
produce analgesia in 50 per cent of the animals (AD 60) is then approximated graphically. 

Results. The results of the toxicity e.xperiments are given in table 1. 
compounds were not tested on mice and rabbits for reasons of economy of both 
drugs and animals. It uill be seen that sodium salicylate, acetylsalicylic acid 
and salicylamide show surprisingly little variation in to.xicity for the three 
species studied, except for the seeming lack of toxicity of salicylamide for rabbits. 
This lack of toxicity may well be an artifact due to failure of absorption or some 
other cause. It was not feasible to give higher doses of salicylamide to the 
rabbits because the bulk of the dose in a usable suspension approached the 
capacity of the stomach. 

Except for the halogenated salicylamides, all the compounds studied appear 
to be similar in their toxicity for rats. The halogen derivatives were not studied 
further because of inadequate supply of the compounds. 

The intoxication syndrome following administration of salicylamide or its 
derivatives seemed to differ in one important respect from that follonung the 
other drugs. All of the established analgetics produced con\mlsions prior to 
death while the amides seemed to have a depressant (or possibly' paralytic) 
action. 

The chronic toxicity of acetylsalicylic acid and of salicylamide was studied 
by the administration of moderately large doses (35-65% of the LD 50) to rats 
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STJMMAKY AND CONCLUSIONS 

1. When administered to rats by stomach tube the LD 50 (gms./kgm.) for 
sodium salicylate is 1.6, acetylsalicylic acid 1.5, antipyrine 1.8, aminopyrine 

1.7, acetanilid 1.7, acetophenetidin 2.6, salicylamide 1.4, 0-acetyl salicylamide 

1.8, N-acetyl salicylamide 2.0, bromosalicylamide greater than 4.0 and diiodo- 
salicylamide greater than 1.4. 

2. When administered to mice by stomach tube the LD 50 Cgms./kgm.) 
for sodium salicylate is 0.9, acetylsalicylic acid 1.1 and salicylamide 1.4. 

3. When administered to rabbits by stomach tube the LD 50 (gms./kgm.) 
for sodium salicylate is about 1.7, acetylsalicylic acid about 1.8 and salicylamide 
above 3.0. 

4. Salicylamide is considerably less toxic than acetylsalicylic acid when re- 
peated doses are given at daily intervals. 

5. Lang a modification of the D’Amour and Smith procedure the analgetic 
potencies of salicylamide and its derivatives appear to equal or exceed those of 
the 'established analgetic-antipyretic drugs. 


We vdsh to acknowledge our indebtedness to Dr. Thomas M. Scotti of the 
Department of Pathology for his cooperation. We are also indebted to Mrs. 
Shirley Busser for technical assistance. 
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Administration of salicylamide at a dosage level of 0.9 gm./kgm./daj’’ re- 
sulted in the death of two rats after the ninth dose, one after the twelfth, and 
one after the nineteenth dose. The remainder of the fifteen rats used sundved 
a total of 36 doses except for five animals which died as a result of faulty ad- 
ministration after the third, fourth, fifth, tenth and twenty-fourth doses, 'tt'hen 
this compound was given at a dosage level of 0.7 gm./kgm./day, one rat died 
after the nineteenth dose and si.x smadved a total of 36 doses. Six additional 
rats in this group died from faulty administration after the second, third, elev- 
enth, fourteenth, seventeenth and twenty-ninth doses. 

Microscopic examination of the tissues of animals which died following re- 
peated administration of either acetylsalicylic acid or salicylamide showed 
hyperemia throughout the tissues and edema and alveolar hemorrhages of the 
lungs. One animal which had received salic 3 damide showed multiple foci of 
necrosis wth cellular infiltration in the liver and spleen. The significance of 
these findings is not clear at this time. 

The analgetic potency of the various compounds is also given in table 1. It 
may be seen that the AD 50s for salicjdamide and for its diiodo derivative are 
approximately half the corresponding figures for the most potent of the estab- 
lished analgeties. The other amides do not seem to be significantly different 
from the established compounds. 

Discussion. Salicylamide and those of its derivatives which have been 
adequately studied do not seem to differ appreciably from the established an- 
algetic-antipyretics -in acute toxicity. In contrast it appears that salicylamide 
is considerablj' less toxic than acetylsalicylic acid on repeated administration. 
We are unable to explain this, but it is probably due to some difference in action 
not observable in simple toxicity experiments. 

Similarty we cannot explain the difference between the toxic sj'mptoms pro- 
duced bj^ the amide derivatives and by the other compounds. There is no 
consistent difference in chemical structure to which the difference in action can 
be attributed. Nebelthau (7) reported that aromatic acid amides have an 
“alcohol-like narcotic action” which is in agreement with our findings. However 
he did not compare amides with other types of compounds. ItTiatever the 
explanation, the fact remains that the amides produced a depressant type of 
action while the other compounds all produced convulsions. 

A vide variety of ingenious methods for testing analgetics has been proposed 
using a variety of animal species. We do not contend that the method used in 
this studj- is necessarity more reliable than manj’ others, ^^^latever the defects 
of our method may be, bj' its use we have not j'Ct failed to detect analgetic action 
in a drug which has proven clinicalty useful for the relief of pain. 

Since we are unable to define the limitations of our method we do not feel 
justified in attempting to rank the established dnigs according to analgetic 
potencj'. However the analgetic potencies of salicj'lamide and its derivatives 
seem to indicate that this type of compound should not be neglected in any 
search for useful analgetics. 
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andWitherup (6), these animals excrete smaller quantities of glucuronic acid and carbohy- 
drate than on mixed or protein diets. Our results for excreted glucuronic acid are expressed 
in ragm. per Kg., body weight daily (24 hours) whereas Deichmann’s are expressed in mgm. 
in 24 hours regardless of body weight. However, the majority of our control values agreed 
remarkably well, when his values are divided by body weights of 2 to 3 Kg. 

The pertinent details are summarized in Table 1 and the essential results may 
be summarized as follows: The 7 rabbits that received propylene glycol showed 

TABLE 1 

Urinary excretion of glucuronic acid after diethylene glycol monoelhyl ether and some other 


glycols in rabbits 


»ABBIT 

CLYCOtf USED 

DOSE 
CC. FEE 
EC. 

UETBOD OF 
ADlOKISTSAtlOM 

CLUCUEOKIC ACID EXC&ETIOK (uC. FEE EC. 
daily) 

TOTAL 
FEE CENT 
ZNCEEASE 
m CLUCU- 
EONIC ACID 
EXCEETION 
OBSESVED 

Average 

before 

glycols 

After 

First day 

glycols 

Second day 

mg. 
per tg. 

per cent 
increase 

mg. 
per kg. 

per cent 
increase 

183 

PG 

5.0 

Hypodermic 

13(3)* 

93 

615 

34 

162 

388 


PG 

5.0 

Hypodermic 

12(3) 

154 

1183 

56 

367 

775 

185 

PG 

10.0 

Hypodermic 

48(3) 



416 

767 

333 

199 

PG 

10.0 

Hypodermic 

22(3) 

45 

103 

70 

218 

161 

200 

PG 

10.0 

Hypodermic 

22(2) 

71 

223 

7 

0 

80 

240 

PG 

2.3 

Gastric 

9(2) 

11 

22 

0 

0 

22 

241 

PG 

2.3 

Gastric 

16(3) 

32 

100 

14 

0 

100 

185 

DEGM 

3.0 

Hypodermic 

46(2) 

82 

78 

Died 


78 

186 

DEGM 

3.0 

Hypodermic 

14(2) 

18 

22 

110 

686 

358 

188 

DEGM 

5.0 

Hypodermic 

33(2) 

75 

127 

Died 


127 

197 

DEGM 

4.0 

Gastric 

8(3) 

78 

875 

Died 


875 

198 

DEGM 

4.0 

Gastric 

17(3) 

84 

394 

35 

106 

250 

206 

EG 

4.0 

Gastric 

29(3) 

52 

79 

19 

0 

22 

207 

EG 

4.0 

Gastric 

17(3) 

13 

0 

10 

0 

0 

208 

DEG 

4.0 

Gastric 

15(3) 

15 

0 



0 

209 

DEG 

4.0 

Gastric 

23(1) 

32 

39 



39 

242 

DEG 

2.0 

Gastric 

19(1) 

19 

0 



0 

243 

Glycerol 

4.0 

Gastric 

9(1) 

11 

10 

11 

10 

11 

200 

Glycerol 

4.0 

Gastric 

30(2) 

16 

0 

12 

0 

0 


* Digits in parentheses indicate numberof days during which determinations were made, 
t SjTnbols in this column are for the following agents: PG, propylene glj'col; DEGM, 
diethylene glycol monoethyl ether; EG, ethylene glyeol; DEG, dicthylone gl}’col. 


increases in the excretion of glucuronic acid ranging from 22 to 1183 per cent over 
tile average daily excretion before the dnig, on the first day, and from 0 to 3G7 
per cent on the second day after the glycol; total for both days, 22 to 775 per 
cent. With diethylene glycol monoethyl ether the results in 5 rabbits were 
similar during the first day, or an e.xcretion of 22 to 875 per cent, but the majority 
of animals died before the end of the second day, the total e.xcretion under the 
conditions being 78 to 875 per cent. The considerable range of excretions after 
both agents wa< uninfluenced by their do.sage; in fact, there were considerable 
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In determining the fate in vivo of diethylene glycol monoethyl ether (carbitol), 
which is widely used in cosmetic and industrial products and limitedly in der- 
matological formulas, it was found that only a relatively small percentage was 
excreted in the urine regardless of the route of administration (1). Most of it 
appeared to be readily disposed of, i.e., probably destroyed, but the possibility 
remained that the undestroyed portion was excreted in conjugated form as a 
glucuronate, as is the case with propylene glycol. For instance, Neubauer (2) 
found that propylene glycol given to rabbits increased glucuronic acid in urine, 
while glycerol did not. Miura (3) reported that ethylene glycol and glycerol in 
rabbits did not change the dailj' excretion of glucuronates, while a small per- 
centage of propylene glycol was excreted conjugated -with glucuronic acid. 
Miura isolated the barium salt of this glucuronate. Since the results of these 
authors indicated differences in the metabolism of propylene glycol and ethyl- 
ene glycol and we have reported other evidences of a similarity in systemic be- 
havior of propylene glycol and diethylene glycol monoethyl ether (1), it ap- 
peared desirable to see if this similarity existed in their metabolic actions for a 
further understanding of the fate of the ether in the body. Therefore, we have 
compared the effects of glycerol, ethylene glycol, diethylene glycol, propylene 
glycol and diethylene glycol monoethyl ether on the daily e.xcretion of glucuronic 
acid in rabbits, using the results with the first 4 compounds as controls on those 
with the ether. 

Procedure. The rabbits were kept on a diet of rolled barley for 4 or 5 days before start- 
ing the collection of the control urine samples, which were obtained by catheterization dur- 
ing 24 hours. Control samples were collected for 1 or 4 days, and then the compound was 
administered and the urine again collected for 24 hours during 2 days. The following were 
given gastrically : ethylene glycol and glycerol each in single doses of 2 to 4 cc. per Kg. with 
100 cc. of water, and diethylene glycol in doses of 2 to 4 cc. per Kg. Propylene glycol was 
given in single doses of 10 cc. and 5 cc. per Kg. hjToderraically and 2.3 cc. per Kg. gas- 
trically. Diethylene glycol monoethyl ether was administered hypodermically in doses of 
3 and 5 cc. per Kg. and gastrically in doses of4 cc. per Kg. The doses of diethylene glycol, 
ethylene glycol and diethylene glycol monoethyl ether used by us were within the fatal 
range, and some animals died on the second day after administration. 

The method used for the quantitative estimation of glucuronic acid was that described 
b 3 ' Deichmann (4), a modification of Tollen’s (5) original method with naphthoresorcinol. 
We are indebted to Dr. Deichmann for courteous suggestions regarding use of bis method 
and for supplies of glucuronic acid monobenzoate and the bomeol ester of glucuronic acid 
as standards. The rabbits were kept on a diet of rolled oats, since, according to Deichmann 

• Preliminarj- report by Fellows, Jean K., and Luduena, F. P.: Fed. Proc., 1946, 6: 178. 
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2. Why carbitoi, a member of the ethy'lene series of glycols, should differ in 
this respect from the ethylene and diethylene glycols, which are chemically 
somewhat different, is not clear, but carbitoi and propylene glycol are fairly 
readily disposed of in the body, while the other glycols are not, at least in critical 
doses or concentrations. Various considerations are discussed. 
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variations on the same dosage. With ethylene glycol there was only a small 
increase (79 per cent) in one animal during the first day, and no increase in the 
other. Diethylene glycol and glycerol produced no increases in 5 animals, 2 
small amounts falling within range of experimental error. 

Discussion. The considerable, though variable, increases in glucuronic acid 
excretion after the large and mostly toxic doses used of diethylene glycol mon- 
oethyl ether suggest that this agent appears in the urine conjugated with glu- 
curonic acid, as is apparently the case with propylene glycol. If this is true, and 
assuming that one molecule of the ether combines ivith one molecule of glu- 
curonic acid, the amount excreted in this way would represent only a very small 
percentage (0.8 to 2.3 per cent) of the total amounts administered. Presumably, 
the greater part of the diethylene glycol monoethyl ether is oxidized in the body, 
in agreement with the low quantitative excretion in rabbits previously demon- 
strated with different methods of administration (1). No excretion of glucuronic 
acid above control levels was demonstrable in human individuals after epidermal 
applications of ointments and lotions containing 20 to 50 per cent of diethylene 
glycol monoethyl ether which agreed with the negative excretions of the ether 
itself in these urines (7). 

Our results with propylene glycol, ethylene glycol and glycerol confirm those 
of Neubauer and Miura. They indicate that a derivative of the ethjdene glycol 
series can undergo the same fate, in part at least, as a compound of the propylene 
series. It is assumed, with others, that increases in urinary glucuronic acid 
signify conjugation resulting from the administration of foreign agents, but it 
must be granted that the 2 positively acting glycols may produce glucuronate by 
some other metabolic action. 'R'batever be the correct mechanism, it is in- 
teresting that of all the glycols thus far examined, the 2 which are rather readily 
disposed of in the body, irithout serious systemic injuries at certain levels, are 
characterized by increases in glucuronate e.xcretion (deto.xication by conjuga- 
tion?) whereas the other glycols are not. It is also interesting that the glycols 
of the ethylene series are not glycogenic, but propylene glycol and glycerol are 
(8). Whether the 2 metabolic changes, i.e., glucuronic conjugation and gly- 
cogenesis, are related is not knoum. Any possible vdsceral injuries caused by the 
diethylene glycol monoethyl ether in our animals, especially those that lived 2 
days, did not interfere irith glucuronate e.\'cretion, which would be in general 
agreement vith the results of Deichmann, liitzmiller and Withenip (9) who found 
no interference by hepatic injuries caused by phosphorus, chloroform and car- 
bon tetrachloride. 


CONCLUSIONS 

1. Diethylene glycol monoethyl ether (carbitol) and propylene gljxol ad- 
ministered in large doses gastrically or hypodermically to rabbits produce similar 
though variable and sometimes considerable increases in the daily urinarj' ex- 
cretion of glucuronic acid, while ethylene gljxol, diethylenc glycol and glycerol 
administered similarly do not, results with the latter groups and propylene 
confirming those of others. 
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TABLE 1 


CODt 

vnu- 

6£K 

CHTincALKAMg 

TOSVUIA 

8-51 

B-dipietbyUmino- ^ 
ethyl benihydryl 
ether (Benadryl) ^ 

/ — V CH* 

'' ^CH-O-CHr-CHr-N^ • HCl 

S-59 

B-monomethyl- ^ 
aminoethyl bent- 
bydrj’l ether ^ 

/ — V 

^ ^CH-0-CHi~CHr-N • HCl 

O' 

S-S2 

B-isopropylaniiso- 
ethyl benihydryl 
ether 

/ V H CHi 

'' ^CH-0-CHr-CH>— N-d^H ■ HCl 

o 

B-52 

B-benihydryloxj’- 
ethyl trimethyl' 
ammonium iodide 

/ \ CH, 

^ ^CH-0-CH,-CHr-N^H, 

O l^CH. 

b-ih 

B-beaihydryloxy. 
ethyl trimethyl- 
ammonium p- 
toluenesulfooate 

/ \ 

CH — O— CHt~-CHT~N^OSOr*^ 'Sr— CH* 

S-1S7 

<-B-benihydryl* j 
oxyethyl-4'meth- 
ylmorphoUnium 
p*tQluencsulfonate 

^CH-O-CHt-CHt-jf^ 'p 

(. X 1— OSO,-<( ^-CH. 

8-15S 

B-ben*bydrj*loiy- 
ethyldimetbyl- 
ethyl ammonium 

p-toluenesuUonaU 

/ \ 

CH-0-CHr-CHr-N^Hi 

'C X ''yC,H, 

OSOr-<[ ]>-CHi 

S-lti 

B-benihydryloiy- 

ethyl-B-hydrnxy- 

ethyl-methyl- 

amlne 

/ — X 

^ ^^CH-O-CHr-CHt— N^Ht-CH»-OH HCl 

o 

8-150 

N-{p-tertiarj*- 

oclylphenoiy- 

ethoT>’ethyl) 

morpholine 


S-IH 

S-IM 

K-B-hydrox>*pro- 

pylephedrine 

methiodide 

CH> 
j CH) 

y-CHOH-CHCH,-Ni^Hr-CHOBCB, 

N-B-hydroxj'pro- 
pylephedrine 
(free bare) 

CH) 


ttcasurcd tia cc. per minute and any pair of lungs which failed to attain a relatively constant 
control perfusion rate was discarded. 
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There is available a considerable amount of data to support the current theory 
that anaphylactic and allergic manifestations are due to histamine. Con- 
sequently, numerous attempts have been made to find a substance that might 
be efficient in neutralizing the effects of histamine in the body, and thereby, 
afford a useful therapeutic agent. The literature in this field has been reviewed 
previously bj' Lehmaim and Young (1) and by Loew et al. (2). 

Several papers have appeared recently dealing with the ability of certain 
benzhydiyl ethers to antagonize histamine and anaphylactic phenomena. In 
an earlier report from this laboratory it was shown that B-dimethylaminoethyl 
benzhydryl ether (Benadryl) and B-monomethylaminoethyl benzhydryl ether 
were effective in antagonizing histamine and anaphylactic bronchoconstriotion 
in excised guinea pig lungs (3). Loew and his co-workers reported that of a 
group of benzhydryl alkamine ethers investigated, Benadryl was the most 
efficacious in preventing fatal experimental asthma in guinea pigs by the ad- 
ministration of atomized histamine solution (2). These workers further demon- 
strated that Benadryl was equally effective in alleviating anaphylactic shook 
in guinea pigs (4). 

The purpose of the present investigation was to compare the bronchodilator 
activity of Benadryl -ivith certain of its analogs in perfused isolated guinea pig 
lungs and on in situ bronchial muscles in dogs. Three other compounds, chem- 
ically unrelated to Benadryl, were included in this study because of their possible 
spasmolytic property. AU of the agents considered in this paper are members 
of a general series of compounds synthesized in an effort to find a good spasmo- 
lytic drug. The chemical formulas of these “S” compounds are shown in table 
1. For convenience, with the exception of Benadryl, they will be referred to 
in the text by the code numbers appearing in the table. An abstract of this 
work has appeared previously (5). 

Isolated Lungs. Excised lungs from guinea pigs weighing 200 to 300 grams were 
perfused according to Tainter’s modification (6) of the Sollmann-von Oettingen method (7). 
The perfusion fluid was delivered from a pressure head of 20 cm. and circulated through a 
constant temperature water bath before reaching the lungs. The lung surface was scarified 
to give a perfusion rate of appro.ximately SO cc. per minute. The outflow of fluid was 

‘ This investigation has been supported by grants from the Committee on Therapeutic 
Research, Council on Pharmacy and Chemistry, American Medical Association and from 
Parke, Daws and Company, Detroit, Michigan. 
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Compound S-82 failed to completely inhibit constriction in only 2 lungs while 
in the rem^der of the expeiiments a definite (hlatation occurred which varied 
between 2.0 and 19.0 per cent increase over the control rate. Compounds 
S-92 and S-158 appeared to be about equal in anti-histamine effect but neither 
was as efficient as Benadryl. The effectiveness of S-154: and S-157 w'as pro- 
nounced but complete suppression of histamine constriction was not demon- 
strated conastently. Partial antagonism to the bronchoconstriction was 
exhibited by S-161 but this compound was the least potent of the Benadryl 
derivatives. 

The relative inefficiency of S-150 may be attributable to the fact that pre- 
cipitation occurred each time this compoimd became mixed with the perfusion 
fluid. However, it should be pointed out that this member of the series is 
not a chemical derivative of Benadryl and, therefore, may not possess the anti- 
histamine effect to any marked degree. Compounds S-164 and S-166, two 
other members of the group chenucally unrelated to Benadryl, failed to show 
nuy significant inlubition to histamine. 

Several experiments were carried out in which the three spasmolytic com- 
pounds most active against histamine were used to antagonize barium and 
pilocarpine constriction. The procedure was similar to that described above 
for histamine. Twenty-five mgm. (1 cc. of 2.5 per cent) of barium chloride and 
1 rngm. (1 cc. of 1 : 1000) of pilocarpine nitrate were the standard doses employed. 
The amount of constriction induced by these drugs was approximately the same 
as with histamine. Each of the three bronchodilators, when injected with 
barium or pilocarpine, completely suppressed spasm of the lungs and, in ad- 
dition, gave a dilatation over and above the control measurements. Against 
barium, average increases in perfusion rates were as follows: Benadryl, 7.7 
per cent; S-59, 7,9 per cent; and S-82, 23.3 per cent. When pilocarpine was 
used the averages were: Benadryl, 7.8 per cent; B-59, 16.6 per cent; and S-82, 
13.1 per cent. 

_ Hence, it appears from these experiments that Benadryl and some of its de- 
nvatives not only possess an anti-histamine effect but, moreover, act as spasmo - 
lytic agents against other constrictors. 

lx EiTti LUNOS. Using the results obtained on excised bronchi as an indication of the 
relative hronchodilator activity, Benadryl, S.59, 8-82, S-92, S-154, S-157 and S-loS were 
telccted tor further study on dog lungs tn Hlu. Fifty dogs, weighing from 7 to 19 kgm., 
t^ete Used in this phase of the investigation. Fifteen of these animals were anesthetized 
t'lth ether and then the brain and medulla were pithed. The remaining animals were 
anesthetized with pentobarbital sodium, 30 mgm. per kgm. and dihydro-beta-erj'throidine* 
"as given in 10 mgm. per kgm. doses as needed to paralyze spontaneous respiratory move- 
ments. Bronchial tonus was recorded by Jackson’s method (8) using negative artificial 
respiration. A mercury manometer was connected to the left carotid artery for recording 
Wood pressure. Both vagi were cut in all of the animals. Histamine (1:1000) was the 
only agent used to produce bronchoconstriction. The bronchodilators were used in the 
fvne concentrations as preriously stated .All injections were by the intravenous route 
into the femoral vein. 


’ Supplied through the courtesy of Merck and Company, Rahway, X. J. 
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In order to test the bronchodilator activity of the spasmolytic agents, it was necessary to 
produce an initial constriction in the lungs. This was done by injecting into a rubber 
tubing leading to the trachea 0.1 mgm. (1 cc. of 1:10,000) of histamine. The amount of 
spasm thus produced was calculated on the basis of percentage decrease from the initial 
outflow and was taken as the control constriction for any given experiment. Under these 
conditions, the constriction varied from 30 to 85 per cent. Sufficient time then was allowed 
for recovery and in all but a few cases, the outflow returned practically to the control rate 
of perfusion. Thereupon, the standard dose of histamine plus 10 mgm. of the compound 
to be tested were injected simultaneously. All of these drugs except one were used as 1 per 
cent solutions. Owing to limited solubility, S-92 was employed as a 0.25 per cent solution. 
Following this injection, the outflow was measured until the altered rate became maximal 
and a return toward the control rate was evident. In each experiment, subsequent doses 



Fig. 1. Avebaob Results of Expebiuents on Isolated Pebfusbd Guinea Pio Lungs 

Black bars represent construction of 0.1 mgm. of histamine alone; white bars represent 
combined effects of 0.1 mgm. of histamine plus 10 mgm. of “S” compounds. White numbers 
on black bars are designations of “S” compounds. S.51 is Benadryl. 

of the constrictor agent were used to test for continued responsiveness of the bronchial 
musculature. From 4 to 12 pairs of lungs were used for each compound and 90 lungs were 
used in the total stud 3 '. 

The results obtained are compiled as averages and are presented in chart 
form in figure 1. It will be seen from this chart that Benadrjd, S-59, S-82, S-92 
and S-158 when injected -with the standard dose of histamine, not only pre- 
vented bronchial constriction but effected a superimposed dilatation. Of these 
five compounds, only Benadrj-l and S-59 produced an increase over the control 
outflow in each experiment performed. This increase varied from 1.7 to 14.7 
per cent uith Benadrj-1 and ranged from 1.9 to 17.0 per cent in the case of S-59. 
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The other approach to this problem involved experiments in which an at- 
tempt was made to estimate the relative duration of antihistamine effect when 
the S-compounds were given before histamine. In this procedure 2 to 5 mgm. 
per kgm. of the bronchodilator were injected first and this was followed 5 minutes 
later by a standard dose of 0.1 mgm. per kgm. of histamine. If no constriction 
resulted from the latter, subsequent similar doses of histamine were injected 
at 15 to 30 minute intervals until a definite degree of constriction occurred. 
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Fio. 2. CoMPAHisoN OF Bno.NciioDmATOK Efficie.nxv of Benadbtl Derivatives 
Broncliial constriction is indicated by a decrease in amplitude of respiratory e.\cursion. 
Pentobarbital anesthesia; paralysis of spontaneous respiratory movements oith dihj'dro- 
beta-crytliroidinc; histamine, 0.1 mgm. per kgm. 

Control experiments indicated that no significant amount of tolerance developed 
to thc.se repeated doses of histamine. 

All of the compounds used prevented bronchoconstriction following the first 
injection of histamine. However, the duration of this protective effect varied 
over a wide range of time depending upon the compound and dose cmploj'ed. 
Hie data collcctctl on this phase of the work arc shown in table 2. .iVlthough 
in most cases only one e.xpcrimcnt was performed at a given dosage level for 
each compound, the composite results obtained were con.sistcnt within each 
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Two methods of approach were used in studying the effects of these com- 
pounds on hronchospasm. In one procedure, an initial constriction was induced 
by histamine in doses varying from 0.05 to 0.2 mgm. per kgm. This range 
of dosage produced severe bronchial spasm which led to death of the animal 
unless the constriction was opposed by one of the bronchodilators. "When 
the immediate maximum effects appeared, 2.0 to 5.0 mgm. per kgm. of the 
S-compound were injected and the degree of bronchial dilatation was noted. 
All of the dilators gave some degree of relief from the bronchoconstriction but 
there was a wide variation in this effect. In the doses employed, all of the 
S-compounds produced a fall in blood pressure and, consequently, when this 
effect was superimposed upon the histamine vasodepression, an acute circulatory 
embarrassment followed. In many instances, it is possible that this depression 
of the circulation prevented the dilator from exerting the maximum beneficial 
effect on the bronchial muscles. In a few experiments the severe fall in blood 
pressure lead to death of the animal in spite of the fact that an appreciable degree 
of bronchodilatation occurred. This condition prevailed especially following 
the use of S-82. , , 

Although there are many variable factors in this method, and consequently, 
no exact quantitative measurement is permissible, an attempt was made to 
compare the bronchodilator efficiency of Benadryl with that of several of its 
derivatives using the constant dosage of 3 mgm. per kgm. Typical records 
demonstratmg tffis comparison are shown in figure 2. Only those compounds 
showing the most potent and the least potent anti-histamine effects are in- 
cluded here for the purpose of illustration. In view of the initial bronchial 
tonus and the degree of constriction produced by histamine, the best dilators 
for instant alleviation of bronchoconstriction were S-154, S-59 and Benadryl. 
It is difficult to make a clear cut distinction between the immediate effects of 
these three compounds. However, S-154 seemed to produce a greater degree 
of relaxation in a shorter period of time than did either S-59 or Benadryl. Fur- 
thermore, S-59 usually showed a more marked bronchodilatation within the first 
2 minutes than was the case with Benadryl. This general relationship is ap- 
parent when records 2B, 2C and 2D are compared. Nevertheless, Benadryl 
was quite consistent in affording good relief from bronchial spasm and after 
full development of the effect of this drug, the duration of action was longer 
than that of any of the other compounds. 

The least effective compound in producing prompt relief from the histamme 
constriction was S-82. Although some dilatation followed the use of this 
derivative, the onset of action was delayed beyond the point of benefit in many 
of the animals. Several of the animals died in spite of treatment with this agent. 
A t 3 Tpical response is shown in figure 2E. 

Compounds not represented in figure 2 had effects varying between Benadryl 
and S-82 in the following order of decreasing activity: S-92, S-157 and S-158. 
Each of these three agents antagonized the bronchial spasm sufficiently to 
sustain the animals but rarely did the bronchial tonus completely return to the 
control height. 
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SUMMARY 

A comparison of the bronchial antispasmodic action of Benadryl, some of 
its derivatives and certain other substances has been made in isolated lungs 
and on bronchial muscle in situ. 

In the isolated perfused guinea pig lungs, Benadryl and its monomethyl 
(S-59) and isopropyl (S-82) derivatives were the most effective compoimds in 
preventing histamine constriction. Furthermore, these three compounds 
caused an additional dilatation of the lungs even in the presence of a constrictor 
dose of histamine. The other compounds investigated varied in effect from 
practically no antagonism to complete prevention of the histamine constriction. 

On dogs’ bronchi in situ, S-154 and S-59 appeared to relieve previously in- 
duced histamine bronchospasm faster than Benadryl. However, Benadryl was 
more consistent and reliable in producing bronchodilatation. S-82 was the 
least effective compound in relieving acute bronchial spasm. 

The duration of action of the most effective S-compounds, following their 
injection prior to histamine, may be compared as follows; Benadryl > S-59 
> S-82 > S-154. 

The other agents investigated (S-92, S-157 and S-158) were either weak in 
immediate antagonism to histamine or had a very short duration of action. 
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series. Hence, an analysis of the total number of experiments, rather than 
any single one, conducted wth each S-compound gii’es a fair indication of the 
relative length of time during which protection against histamine bronchospasm 
is effective. 

It ■null be Seen from table 2 that the effect of Benadrjd far exceeded that of 
any other dilator in this group. This is true regardless of the dosage used. 
On the other hand, 8-154 which gave the most rapid recovery from induced 
spasm (fig. 2B), furnished protection against histamine for a much shorter 
period of time. 


TABLE 2 

Duralion of action of benadryl derivatives 


COXIPOUND 

DOSE 

NUMBER or EXPERIMENTS 

DDRATIOV 


fftgfrt per him 


minules 

Benadryl 

2 

1 

70 


3 

1 

90 


5 

3 

125* 

S-59 

2 

1 

20 


3 

2 

30* 

<• 

o 

1 

SO 

S-82 

2 

1 

20 


3 

2 

30* 


5 


70 

S-154 

3 

i 

I 

35 


o 

I 

GO 

S-92 


I 

15 


•> 

1 

20 



1 

30 

S-157 

5 


20* 

S-15S 

o 

2 

15* 


* Average. 


Another comparison which might be pointed out is the close similarity in 
duration of action between S-59 and S-82. S-59 seemed to be more effective 
in only one experiment. In view of the relative ineffectiveness of S-82 in re- 
lieving previously induced bronchoconstriction (figure 2E), it is interesting 
to note that this compound showed remarkable bronchodilator activity when 
injected prior to histamine. 

The duration of action of S-92, S-157 and 8-158 varied from 15 to 30 minutes 
and, in general, these compounds were judged to be inferior to the agents dis- 
cussed above. 
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cholesterol before the pentothal was injected Pentothal sodium was injected intrave- 
nously, 0^ cc Ab of a 2 5 per cent solution The cholesterol was injected intraperitoneally , 
2 4 ce Ab of a 12 5 per cent suspension in 6 per cent acacia solution 

The data are given in table 2. They show, when subjected to statistical 
analysis, that in the dog, as in the rabbit, injections of cholesterol significantly 
lengthen the anesthesia period with pentothal. From the standard errors of the 

TABLE 1 


The effect in rabbits of the intravenous injection of sodium pentothal after the intravenous 
administration of cholesterol 


SUBSTANCE ACNIKISTESEO 

KO OTEABBXTS 

1 AV 'WT 

ANESTHESIA SUEATIOH 



ti 

mttt 


25 

2 14 

5.68 ±0.45 

2 5 cc /kg 25% Carbowax 

2 5 cc /kg of a 2% suspension of cholesterol 

15 

1 

2 01 

5 75 ±0 71 

in 25% Carbowax solution 

13 

2.00 

16 72 ±2.23 


TABLE 2 


The effect in dogs of the intravenous administration of sodium pentothal before and after the 
intraperitoneal administration of cholesterol 


DOC 

WT 

sex 

COHTEOt 

ANESTHESIA 

ANESTHESU (lON ) 
AETEX 2 4 CC /XC 
OT A 12^% SPS 
TENSION Of COO- 
IXSTESOL m 6% 
ACACIA 

m CENT CHANCE 
IN DURATION 

Of ANESTHESIA 
OWWO TO 
CnOLESTEXOL 


it 


mtn 



1 

7 5 

M 

16 0 

25.0 

66.7 

2 

8.5 

F 

10 0 

23 0 

130 0 

3 

6 9 

M 

34 0 

76 0 

123.6 

4 

7.0 

F 

80 

44.0 

450.0 

5 

5 0 

M 

12.0 

47 S 

295 8 

6 

5 0 

F 

13.0 

26 0 

92 6 

7 

5 0 

F 

11.2 

25 0 

122 2 

8 



16 6 

27.5 

66.7 

9 



13.2 

17.5 

32 5 

Average 

6 3 


14.8 

34 6 

153 3 


two series of data the variation observed would occur only once in a thousand 
trials by chance. 


where 

M, 

M. 

•land (, 


Ml - M. 

■n/<i + *t 


3.4 


duration of anesthesia of dogs after cholesterol I.P. 
duration of anesthesia of dogs before cholesterol I P. 
standard errors of cholesterol and control figures respccUvcly. 
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Starkenstein and Weden (1) showed that intraperitoneal cholesterol injections 
in rabbits increased the rapidity of onset and the duration of sleep produced by 
intravenous sodium barbital injections. Beecher and Foldes (2) e.\tended 
this work, but confined their studies mainly to rabbits, ndth pentobarbital 
sleep and sleep from ether injected subcutaneously in the nape of the neck. 
In these experiments we repeated and confirmed the work of the foregoing 
investigators in 96 rabbits. Oning to the fact that cholesterol excretion pro- 
ceeds at a slower rate in carnivorous than in herbivorous animals (3) we in- 
cluded dogs and mice in our studies. Furthermore, as the duration of anes- 
thesia’ 4vith shorter acting barbiturates is more constant, we chose pentothal 
sodium for study. In addition, having employed the anesthetic index technic 
(4) frequently in the dog in the study of new anesthetic agents we endeavored 
to use this procedure to determine the effect of cholesterol on ether-inhalation 
anesthesia. 

f 

Experimental. Cholesterol on pentothal anesthesia. Rabbits of an average weight o 
2 kg. w'ere injected intravenously with 0.4 cc./kg. with 2.5 per cent pentothal sodium solu- 
tion. The onset of sleep was within 10 to 30 seconds. The experimental am’mals were 
injected intravenously with 2.5 cc./kg. of a 2 per cent cholesterol suspension in a 25 per cent 
carbowax solution 30 minutes before the injection of the pentothal sodium. 

The effects on the test rabbits and their control groups are shown in table 1 
The data show that the suspending agent carbowax had no influence on the 
duration of pentothal sodium anesthesia, whereas cholesterol, on the average 
tripled the duration of anesthesia. 

Nine mongrel dogs were subjected to essentially the same procedures as described in the 
foregoing experiment. The same dogs were used in the pentothal and in the pentothal plus 
cholesterol anesthesia after 7 days. In dogs 40 minutes elapsed after the injection of the 

* The expense of this investigation was defrayed in part by a grant from the Ohio 
Chemical and Manufacturing Company, of Cleveland, Ohio. 

’A portion of a thesis submitted to the Graduate School of the University of Maryland 
in partial fulfillment of the degree of Master of Science. 

’ Although Beecher and Foldes used the term "sleep” to express the pharmacologic 
syndrome produced bj' pentobarbital and ether, we prefer the term anesthesia for our 
pentothal and ether studies. We used the return of the righting reflex as the endpoint in 
the pentothal and ether-injection anesthesia. The B>-ndrome could be designated as light 
surgical anesthesia. 
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cholesterol before the pentothal was injected. Pentothal sodium was injected intrave- 
nously, 0.6 cc./kg. of a 2,5 per cent solution.' The cholesterol was injected intraperitoneally , 
2.4 cc./kg. of a 12.5 per cent suspension in 6 per cent acacia solution. 

The data are given in table 2. They show, when subjected to statistical* 
analysis, that in the dog, as in the rabbit, injections of cholesterol significantly 
lengthen the anesthesia period with pentothal. From the standard errors of the 

TABLE 1 


The effect in rabbits of the intravenous injection of sodium •pentothal after the intravenous 
administration of cholesterol 


SUBSTAKCi: ADlOmSTEBXD 

1 KO. 07 SABBITS 

AV. WT. 

j AKESTKCSIA. DURATION 






25 

2.14 

5.68 ±0.45 

2.5 cc./kg. 25% Carbowax 

2.5 cc./kg. of a 2% suspension of cholesterol 

15 

2.01 

5.75 ±0.71 

in 26% Carbowax solution 

13 

2.00 

16.72 ±2.23 


TABLE 2 


The effect in dogs of the intravenous administration of sodium pentothal before and after the 
intraperitoneal administration of cholesterol 


DOG 

WT. 

stx 

COKTBOJ. 

A>n:sTErsiA 

AMESTECSU (UIK.) 
Aim 2.4 cc./sc. 
or A 12.5% SDS* 
TXNsiON or cno* 

IXSTBtOl. Df 6% 
ACACU 

PCI CTNT eSAXGZ 
m DURATXOK 

or AhTDsrsssu 

QWINC TO 
CSOZX5TESOL 


*«• 


min. 



1 

7.5 

M 

15.0 

25.0 

66.7 

2 

8.5 

F 

10.0 

23.0 

130.0 

3 

6.9 

M 

34.0 1 

76.0 1 

123.5 

4 

7.0 

F 

8.0 

44.0 

450.0 

5 

5.0 

M 

12.0 

47.5 

295.8 

6 

5.0 

F 

13.0 

26.0 

92.6 

7 

5.0 

F 

11.2 

25.0 

122.2 

8 


F 

16.5 

27.5 

66.7 

9 


F 

13.2 

17.5 

32.5 

Average 

6.3 


14.8 

34.6 

153.3 


two series of data the variation observxd would occur only once in a thousand 
trials by chance. 


where 

Ml 

M, 

«i and 1, 


M, - ilf, 

VcTTTi 

duration of anesthesia of dogs after cholesterol I.P. 
duration of anesthesia of dogs before cholesterol I.P. 
standard errors of cholesterol and control figures respectively. 
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Cholesterol on ether anesthesia. We repeated the work of Beecher and Foldes 
(2) in its essential feature by giving ether to rabbits subcutaneously before and 
after intraperitoneal injections of cholesterol. The results are shown in table 
3. The difference is statistically significant ■nith respect to the duration of 
anesthesia.* 

With dogs we employed the anesthetic index technic (4) previously described. 
In a closed circuit the dog was permitted to inhale 2 cc. of ether and then 0.5 
cc./minute until surgical anesthesia was produced. The agent was continued 
at the same rate until respiratoiy arrest occurred. The number cc./kg. re- 
quired to produce respiratory arrest divided by cc./kg. required to produce 
anesthesia is designated as the anesthetic index. The cholesterol was adminis- 
tered intraperitoneally. Blood-cholesterol levels were determined at several 
stages of the experiment. No significant relationship could be established 
between the blood-cholesterol levels and the effect on the duration of the ether 
anesthesia. The results are shown in table 4. 

TABLE 3 


The effect in rabbits of the subcutaneous administration of ether after the intraperitoneal 
'' injection of cholesterol 


1 

SUBStAKOS 

NO. or 

1 

AIIXSTBESIA IN VINUTES 

BABBITS 


loductioB 

Duration 


39 

hf. 

2.3 

9.90 ±0.67 

26.34 ±1.47 

0.6 gm. cholesterol in 2 cc. 6% 
acacia 

28 

2.2 

10.33 ±0.89 

38.39 ±2.91 


The results in table 4 show that the previous injection of cholesterol intraperi- 
toneally did not significantly reduce the volume of ether required to induce 
anesthesia or to produce respiratory arrest respectively. The anesthetic index 
was not significantly changed. 

Induction period and cholesterol (mice). We employed the method developed 
by Ivnoefel and Murrel (5) to measure the induction time in mice, wth and with- 
out cholesterol. The method was also used successfully by Lindgren (6) to 
show the effect of peroxide on the induction time of ethyl ether. A 2.2 liter 
jar was employed in which a concentration of 2.0 millimoles per liter of ether 
was maintained. Cholesterol suspension, 2 mg. per animal in 6 per cent acacia 
solution, was injected intraperitoneallj’’ 40 minutes before the anesthetic was 
administered. 


SI, - M, 

VtT+Tl 


3.7 


Ml average duration of anesthesia of cholesterol group. 

M* *= average duration of anesthesia control group. 

«j and standard errors of cholesterol and control groups respectively. 
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The data from these experiments are shown in table 5. From the analysis® 
of these data it is evident that cholesterol reduces the induction time of ether 
anesthesia in the mouse. 


TABLE 4 


The effect of cholesterol on ether anesthesia in dogs 


190. 

WT. 

szx 

CONTKOI. ETHER 

ether and CHOtESTEROI. 

To induce 
SJi* 

To induce 

AJ. 

To induce 
SJl 

To induce 
RS. 

AJ. 


if. 


ce/tg 

ce Hi. 


cc Hi. 

a.rkg 


J 

4.60 

F 

1.36 

2.82 

2.07 

1.09 

2.07 

2.09 

2 

7.65 

F 

1.08 

2.77 

2.56 

1.11 

2.35 

2.12 

3 

6.7S 

M 

1.18 

2.50 

2.13 

0.82 

2.15 

2.64 

4 

, 5.00 

M 

, 1.14 

2.53 

2.18 

, 1.10 

2.30 

2.09 

6 

S.40 

M 

1.47 

3.53 

2.40 

1 1.30 

2.78 

2.14 

6 

' 5.50 

M 

' 0.85 

2.30 

2.70 

0.91 

2.10 

2.40 

7 

S.OO 

M 

1.20 

2.26 

1.92 

1.10 

2.50 

2.27 

8 

5.00 

M 

0.96 

2.85 

3.00 

0.90 

2.10 

2.33 

9 

5.10 

F 

1.13 

2.46 

2.16 

1.08 

2.65 

2.45 

10 

6.20 

M 

1.23 

2.16 

1.92 

0.87 

2.02 

2.33 

11 

5.35 

F 

1.31 

2.62 

2.00 

1.49 

2.99 

2.00 

12 

7.00 

F 

1.29 

2.36 

1.83 

1.00 

2.36 

2.36 

13 

6.20 

M 

1.07 

2.68 

2.60 

1.06 

2.31 

2.18 

14 

8.00 

F 

1.19 

2.80 

2.35 

1.00 

2.63 

2.63 

IS 

6.60 

F 

0.92 

2.25 

2.46 

1.06 

2.65 

2.50 

16 

5.60 

M 

1.13 

2 50 

2.21 

0.89 

2.05 

2.30 

Average. 

5.81 


1.23 

2.59 

2.27 

1.05 

2.38 

2.24 


• S.A., surgical anesthesia; R.F,, respiratory failure; A. I., anesthetic index. 


TABLE 5 

The effect of cholesterol on the induction time of ethyl ether in mice 


SVBSTA>CE 

NO or WCE 

AV. 

INDCCnOV 

2 mg. cholesterol in 0.2 ce. 6% acacia 40 min- 

57 

fm. 

15.S0 

fniftu^ci 

4.77 ±0.38 

utes before anesthesia 

45 

15.14 

1 3.20 ±0.07 


Discussion. Previously we have pointed out that the syndrome of depres- 
sion produced by the steroid compounds has been improperly referred to as 

. - M, 

Vel-f-e’ ^ 

Ml ie the avcroRC induction time of the control group. 

Mjis the nvompc induction time of the cxpcrimcnlal group. 

n nnd <t nrc the standard errors of the control and the experimental group, respectively. 
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Cholesterol on ether anesthesia. We repeated the work of Beecher and Foldes 
(2) in its essential feature by giving ether to rabbits subcutaneously before and 
after intraperitoneal injections of cholesterol. The results are shown in table 
3. The difference is statistically significant with respect to the duration of 
anesthesia.® 

With dogs we employed the anesthetic index technic (4) previously described. 
In a closed circuit the dog was permitted to inhale 2 cc. of ether and then 0.5 
cc./minute until surgical anesthesia was produced. The agent was continued 
at the same rate until respiratory arrest occurred. The number cc./kg. re- 
quired to produce respiratory arrest divided by cc./kg. required to produce 
anesthesia is designated as the anesthetic index. The cholesterol was adminis- 
tered intraperitoneally. Blood-cholesterol levels Were determined at several 
stages of the experiment. No significant relationship could be established 
between the blood-cholesterol levels and the effect on the duration of the ether 
anesthesia. The results are shown in table 4. 

TABLE 3 


The effect in rabbits of the subcutaneous administration of ether after the intraperitoneal 
' infection of cholesterol 


StTBSTAHCE 

NO. or 
SABBITS 

AV. \ST. 

AN£STH£SU IN MINUTES 

Induction | 

Duration 

0.5 gm. cholesterol in 2 cc. 6% 
acacia 

39 

28 

it. 

2.3 

2.2 

9.90 ±0.57 

10.33 ±0.89 

26.34 ±1.47 

38.39 ±2.91 


The results in table 4 show' that the previous injection of cholesterol intrapen- 
toneally did not significantly reduce the volume of ether required to induce 
anesthesia or to produce respiratory arrest respectively. The anesthetic index 
was not significantly changed. 

Induction period and cholesterol (mice). We employed the method developed 
by Knoefel and Murrel (5) to measure the induction time in mice, with and with- 
out cholesterol. The method w'as also used successfully by Lindgren (6) to 
show the effect of peroxide on the induction time of ethyl ether. A 2.2 liter 
jar was employed in which a concentration of 2.0 millimoles per liter of ether 
was maintained. Cholesterol suspension, 2 mg. per animal in 6 per cent acacia 
solution, was injected intraperitoneally 40 minutes before the anesthetic w'as 
administered. 


M, - Ml 

Vef+T 


Ml = average duration of anesthesia of cholesterol group. 

Mj = average duration of anesthesia control group, 
n and tt = standard errors of cholesterol and control groups respectively. 
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The data from these experiments are shown in table 5. From the analysis' 
of these data it is evident that cholesterol reduces the induction time of ether 
anesthesia in the mouse. 


TABLE 4 


The effect of cholesterol on ether anesthesia in dogs 


Jto 

■WT. 

szx 

COSTSOL ETHEX 

EISES AKD CBOIESTEEOZ. 

To isdoce t 
S.A* 1 

To induce 

AJ. 

To induce 

SJh 

To induce 

1 RF 

A I. 





cent. 


cc m. 

cent 


1 

4.60 

F 

MSB 

2.82 

2.07 

1.09 

2.07 

2.09 

2 

7.65 

F 


2.77 

1 2.56 

1.11 

2.35 

2.12 

3 

6.76 


1.18 

2.50 

' 2.13 

0.82 

2.15 

2.64 

4 

5.00 


1.14 

! 2.53 

2.18 

1.10 

2.30 

2.09 

5 

5.40 


1.47 

3.53 

1 2.40 

1.30 

2.78 

2.14 

6 

5.50 


0.85 

2.80 

2.70 

1 0.91 

2.10 

2.40 

7 

5.00 


1.20 

2.26 

1.92 

1 1.10 

2.60 

2.27 

8 

5.00 

M 

0.96 

2.85 

3.00 

' 0.90 

2.10 

2.33 

9 

6.10 

F 

1.13 

2.46 

2.16 

l.OS 

2.65 

2.45 


5.20 


1.23 

2.16 

1.92 

0.87 

2.02 

2.33 

11 

5.S5 

F i 

1.31 

2.62 

2.00 

1.49 

2.99 

2.00 

12 

7.00 

F 

1.29 

2.36 

1.83 

1.00 

2.36 

2.36 

13 

5.20 

M 

1.07 

2.68 

2.50 

1.06 

2.31 

2.18 

14 

8.00 

F 

1.19 

2.80 

2.35 

1.00 

2.63 

2 63 

16 

6.60 

F 

0.92 

2.25 

2.46 

1.06 

2.65 

2.50 

16 

5.60 

M 

1.13 

2 50 

2.21 

0.89 

2.05 ‘ 

2.30 

Average. . 

5.81 


1.23 

2.59 

2.27 

1.05 

2.38 

2.24 


* S.A., surgical anesthesia; R.F., respiratory failure; A. I., anesthetic index. 


TABLE 5 


The effect of cholesterol on the induction time of ethyl ether in mice 


StrBSTAM3 

^o or locE 

AV WT 

iNDcrcnoH 


1 

gm 1 

ntnulfs 

2 mg. cholesterol in 0.2 cc. 6% acacia 40 min- 

57 

15.80 

4.77 db0.3S 

utes before anesthesia i 

45 ! 

15.14 

3.20 ±0.07 


Discussion. Previouslj' we have pointed out that the syndrome of depres- 
sion produced by the steroid compounds has been improperly referred to as 

. M, - Jlf, 

Vel-l-el 

Ml is the average induction time of the control group. 

Ml is the average induction time of the cxponmental group. 

•1 And f: are the standard errors of the control and the experimental group, respectively. 
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“anesthesia” (7). It is reasonable to assume that any compound which elicits 
a depression of the central nervous system would exert an additive effect or 
potentiation of the action of a general anesthetic. The mechanism of action 
of cholesterol in these studies may be explained on such a basis. Our observa- 
tion on dogs and rabbits revealed depression produced by intraperitoneal 
and intravenous cholesterol injections. 

Cholesterol increased the potency of ether in the mouse upon inhalation, 
but not in the dog. It is possible that this is due to a species variation, but we 
believe that if cholesterol produced only a sh'ght effect, the anesthetic index 
procedure woidd not detect it, owing to the lack of precision inherent to the 
experiment. 

We have succeeded in lengthening the period of pentothal anesthesia in the 
rabbit and dog by previous intravenous or intraperitoneal injections of cho- 
lesterol. We were unable to obtain a significant correlation between cholesterol- 
blood levels and the effect of this sterol upon anesthesia in the dog. Perhaps 
it is the concentration of cholesterol in the tissue of the central nervous system 
which is the dominating factor in its effect upon the anesthetic syndrome. In 
addition, cholesterol may exert an accelerating effect upon the absorption of 
ether from subcutaneous depots. 


SUMSIARY 

1. The intravenous or intraperitoneal injection of cholesterol in the rabbit 
and the dog has been shown to intensify the anesthetic action of pentothal 
sodium. 

2. Cholesterol injections lengthened the anesthetic syndrome in the rabbit 
produced by subcutaneous injections of ether. 

3. Cholesterol injections produced no significant effect upon the anesthetic 
syndrome in the dog, using the inhalation technic. 

4. Cholesterol injections diminished the ether induction period in mice. 
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Using modified Schaumann (1) and Halpem (2) naethods for inducing hista- 
mine shock in guinea pigs, Loew, Kaiser and Moore (3),_ in their study of benz- 
hydryl alkamine ethers, found that two substances, /9-dimethylaminoethyl 
benzhydiyl ether (Benadryl) and (3-morpholinoethyl benzhydtyl ether (A-446), 
were effective in protecting guinea pigs exposed to lethal amounts of histamine 
vapors. The ratio of the protective activity of the two compoimds was roughly 
2 to 1 in favor of Benadryl. Preliminary studies indicated that toxicity of 
Benadryl was greater than that of compound A-446 (3, 4). Analysis of data 
accumulated since 1943 on both compounds is presented herewith. 

Chemical and phtsical properties. /S-Dimethylaminoethyl benzhydiyl 
ether hydrochloride differs from /3-morpholinoethyl benzhydiyl- ether hydro- 
chloride in substitution of the dimethyl amino group by the morpholino radical 
as shown by their structural formulae. 


/S-Dimethylaminoethyl Benzhydiyl Ether Hydrochloride (Benadryl) 

CH, 

/ 


cx 


H 

C— 0— CHjCH,— N 


• HCl 


\ 


CH, 


/9-MoiphoIinoethyl Benzhydiyl Ether Hydrochloride (A-446) 



H; H , 

0— CHiCHj— N^'^^O -HCl 

HT" H, 


Both Benadrj’l and A-446, are white crj^stalline substances, soluble in water 
and alcohol. The aqueous solutions are stable under ordinarj' conditions of 
temperature and light. The 1.0 per cent aqueous solutions have a pH reaction 
of about 5.0. Both compounds possess a bitter taste. 

Acute to-xicitv. Normal animals under standard conditions were given 
Benadryl and A-446 by caimula orally, intravenously, subcutaneously and 
intraperitoneally. The animals were obsen-ed for 7 to 14 days. Results were 
evaluated bj- the double integration method of Dragstedt (5). 

With the exception of intravenous toxicity in rats, the morpholinoethyl 
bcnzhydrj-1 ether was about one-half as toxic as the dimethykaminoothyl benz- 
liydryl ether. Death following administration of cither compound appeared to 
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be due to a combined effect of violent excitement, convulsive attacks, prostration 
and respiratory and cardiac failure. If death did not occur during the violent 
excitement following the administration, the animals recovered quickly and 
remained normal indefinitely. An intravenous dose of 5 mg./kg. of A-446 
produced no reactions in dogs, the same dose of Benadrj’l caused some apprehen- 
sion and barely noticeable spasticity of the legs. A dose of 10 mg./kg. of Bena- 
dryl produced a state of panic, spasticity, apprehension, and occasionally the 
animal developed a clonic convulsive attack of short duration. It took about 
15 mg./kg. of A-446 to cause similar degree of reactions. A dosage of 20 mg./kg. 
of either compound caused violent excitement, prostration, and convulsions. 
Animals became sensitive to sound, and developed painful sensation of the skin 


TABLE 1 

Comparative results in acute toxicity of bemhydryl alhamine ethers 



SEHAOSYL 

a-446 

*OTm: 

Number of 

1 Mg/le. 


1 Mj/k* 


anim&U 

1 LD-0 

1 LD-50 

animaU 

1 LD-0 

1 LD-SO 

Aliino mice 

Oral 

1060 ' 

50.0 

164.0 

670 

175.0 

327.0 

Subcutaneous 

740 

50.0 

127.0 

640 

100.0 

440.0 

Intraperitoneal 

270 

37. S 

98.0 

225 

75.0 

185.0 

Albino rats 

Oral .... 

485 

100.0 

500.0 

155 

200 

mm 

Subcutaneous 

230 

200.0 

474.0 

— 

_ 


Intravenous 

1124 

20 0 

42.0 

1 253 

253 

Hi 

Rabbits 

Intravenous 

25 

7.5 * 

10 0 

29 

17.5 

21.0 



Dogs 




Intravenous 

1 

42 

20 0 

24.0 

12 

60.0 

70.0 


and feet. Dogs would bite at different parts of the body and feet in rapid succes 
sion. Rats chewed off feet. Somatic reflexes became somewhat exaggerated. 
Pupils became dilated. 

Sedation with barbiturates 30 to 90 minutes before intravenous injection of 
either Benadryl or A-446 prevented excitement and convulsions, but did not 
affect the mortality rate or lessen the respiratory-cardiac depression. 

The reactions in smaller animals were similar in form irrespective of the mode 
of administration. In mice and rats the reactions were in evidence in about 3 
minutes following intraperitoneal administration and in about 5 to 20 minutes 
for subcutaneous and oral administration. Perorally in dogs, reactions appeared 
in about 30 to 60 minutes; reached the maximum in another hour and subsided 

































TOXICITT OF HISTAMINB ANTAGONISTS 


229 


in the next 1 to 4 hours. On equal doses perorally Benadiyl-treated animals 
became symptom-free more slowly (3 to 6 hours) than the A-446 treated animals 
(2 to 4 hours). 

Single daily injections of 5 mg./kg. of Benadryl to dogs intravenously produced 
minimal reactions after the first dosing. With subsequent injections the animals 
appeared apprehensive and scared. In some animals the reactions were more 
intense than in others. Reactions subsided in 5 to 10 minutes. Compound 
A-446 Caused no reactions on repeated intravenous injections of 5.0 mg./kg. 
doses. Administration of 10 mg./kg. of either compound caused considerable 
excitement, fear of sound, and spasticity of the legs, and an animal occasionally 
developed a single convulsive attack. With subsequent injections the reactions 
tended to become less intense, but no tolerance developed in 12 days. The 
animals became s3unptom-free in about 20 to 30 minutes. 


TABLE 2 


Benzhydryl alkamine ether ingestion by albino mice for 14 days. Growth rate and mortality 


rex CENT EDBSTAXCE JN EOOD 


A-446 


Mg./kg./day 

93 

185 

455 

631 

912 

0.0 

Weight gain, grama/M 

2.9 

0.8 

1.2 

*-.30 

-.40 

2.3 

Mortality, par cent 

0 

0 

0 

32 

100 

0.0 



LD-SO = nr mg./kg. 




Benadryl 


Mg.Ag./day 

100 

182.5 

I 469 

540 

828 

0.0 

Weightgain, grama/M 

0.8 

0.4 

*-2.6 

-5.0 

-5.0 

2.3 

Mortality^ per renf, 

0.0 

4.0 

1 20 

100 I 

100 

0.0 



LD-60 = 493 mg.Ag. 




* — = loss in weight per mouse. 


Chronic toxtcitv. Albino mice in groups of 25 animals each were placed on 
basic diet containing different concentrations of benzhydryl alkamine ether 
compounds. The food consumption was measured daily for each 24 hour 
period. The animals were weighed in groups at weekl}'- intervals, and the mean 
daily drug intake in each group was calculated as shown in table 2. 

The daily ingestion of A-446 caused no death in mice at 455 mg./kg. while one 
mouse out of 25 died on 182.5 mg./kg. Benadrj'l. Mice gained in weight nor- 
mally on 93 mg./kg. per day of A-446, while 100 mg./kg. of Benadrj'l depressed 
the growth rate. The weight depression by 100 mg./kg. per day' of Benadryl 
was about equivalent to that of 185 mg.Ag- of A-446. On the basis of chrom'c 
toxicity studies the LD-50 for A-446 in mice was equal to 717 mg./kg. per day 
and for Benadryl 493 mg./kg. 

Albino male rats of ax’erage weight of 90-109 gms. in groups of 20 animals each 
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were placed on Benadryl food-diet for a period of 28 days. The amount of food 
ingested was measured daily for the whole group of animals, and weights of 
individual animals were recorded at weekly intervals. The Benadryl intake 
was estimated from the average daily food ingestion for the whole period. Re- 
sults in the form of averages are summarized in table 3. 

Benadryl ingestion by rats resulted in normal or over normal gain in weight 
on an average intake of 72 to 157.6 mg./kg. per day. Ingestion of 249 mg./kg. 
depressed gain in weight and caused a 10 per cent mortality. The LD-50 mor- 
tality occurred with ingestion of about 266 mg./kg. per day of Benadryl. 

Tolerance in dogs peborallt. Normal adult dogs were given Benadryl 
and A-446 daily for periods of 18 days to over six months. The com- 
pounds were given in gelatin capsule to some animals in two divided doses and in 
others in a single daily dose about two to six hours before feeding. Amounts of 
10, 25, 60, and 80 mg./kg. were given to respective groups of 3 to 5 aiumals each. 


TABLE 3 

Benadryl tolerance in albino rats. Growth rale and mortality 



BSNADtYL CENT IK EOOD 

COVIEOtS 

0.07S ] 

OJO ' 

0.12S 

0J5 

OJ 

in i 

Benadryl, mg./kg./day 

72 

101 

167.6 

249 

719* 

-t 

0 

Gain, gms./rat in 28 days — 

141 

122 

79 

22 

-10 

, — 

68 

Mortality, per cent .... 

0 

0 

0 

10 

85 

100 

0 



LD 50 = 266 mg./kg. 




* The results unreliable, rats were wasting food. 

t Animals became sick-Iooking inside of 48 hours, thereafter refused food and all were 
dead inside of the first seven days. 


Benadryl caused no reactions in doses of 10 mg./kg. in two divided or in a 
single daily dose to five dogs for periods of 18, 145, 183, 193, and 193 days re- 
spectively. The A-446 compound was well tolerated in doses of 10 to 25 mg./kg. 
for 35 to 48 days, except for an occasional emesis about one hour after feeding. 
Neither compound, in the above doses, produced disturbance in hematology or 
total blood non-protein lutrogen. The urine remained free of albumen and 
sugar. The animal weight fluctuated in a narrow range of ±0.5 kilogram. 

A dosage of 25 to 40 mg./kg. of Benadrjd in two ditdded daily doses for a 
period of 183 to 196 days caused some alertness and an occasional emesis. When 
the same amounts were given in a single daily dose the animals became irritable, 
excited, developed spasticity in the e.xtremities and slight incoordination. The 
single daily dosage of 40 mg./kg. in addition caused painful skin paraesthesia. 
The reactions appeared in about 1 to 2 hours after dosing and lasted for about 
2 to 4 hours. These symptoms occurred during the first five days of treatment 
with 25 mg./kg., thereafter the animals appeared more alert, somewhat sensitive 
to sudden loud sounds, but otherwise reactions were absent, while with 40 mg./ 
kg. in a single daily dose the reactions recurred with each dosing for the whole 
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treatment period of 36 days. No cumulative aggravation of reactions was 
apparent. 

A single daily dosage of 60 mg./kg. caused severe spastic ataxia, excitement, 
li 3 'persensitivity to loud sounds, and a painful skin sensation. Salivation 
developed in some animals in the third week of dosing and thereafter became a 
conditioned reflex on disturbance of the animal. 

In comparison, compound A-446 in a single daily dose of 40 mg./kg. caused no 
reactions, except slight lowering of the red cell count and hemoglobin values. 
A dosage of 60 mg./kg. produced occasionally spastic ataxia, e.xcitement and 
irritability to loud sounds. A dosage of 80 mg./kg. of A-446 in about half to one 
hour after dosing produced severe incoordination, excitement, irritability, 
tremors, spastic ataxia and a severe general painful hyperaesthesia. The 
animals recovered in about 6 to 8 hours. No cumulative aggravation of reac- 
tions occurred in a period of 35 days. There rvas, however, a considerable loss in 
weight (1.5 kgs.), probablj' due to persistent anorexia. The animals developed 
mild albuminurea. The red cell counts and hemoglobin values decreased slightly. 
The total blood non-protein nitrogen remained undisturbed. 

It was apparent that Benadrjd was tolerated in 25 mg.Ag- in two dirdded 
daily doses. A single daily dose of 25 to 40 mg./kg. caused considerable neuro- 
genic reactions. A-446 in a single daily dose showed no reactions until a dosage 
of 60 mg./kg. was reached, comparable to a single daily dose of 25 mg./kg. of 
Benadryl. The intensity of reactions from a single daily dose of 40 mg./kg. of 
Benadiyl was about equivalent to 80 mg./kg. of A-446. The action of Benadryl 
was somewhat more prompt and lasted somewhat longer than that of A-446. 
The latter compound had a tendencj' to cause anemia and a mild albuminurea. 

Local tissue irritation. In mice, rats and guinea pigs subcutaneous and 
intramuscular injections of 0.1 to 1.0 cc. of one percent concentrations of Bena- 
dryl caused Induration and ulceration at the site of injection. Intramuscular 
injections caused more severe local tissue injury than subcutaneous doses. In 
rabbits, subcutaneous injection of 0.5 to 2 cc. of 1.0 per cent solution produced 
punctate hemorrhages in the fascia, but othenrise the injury was slight. Intra- 
muscular injection of 0.5 to 4.0 cc. caused severe induration and necrosis. In 
dogs, 0.5 to 3.0 cc. of one per cent concentration subcutaneously caused slight 
hj’pcremia, some local induration and mild eccbj-mosis. Intramuscularly, 0.5 
to 2.0 cc. dosage caused slight congestion, but no induration or necrosis of tissues 
Was present. A dose of 6 cc. caused a small area of necrosis with some indura- 
tion. Absorption was rapid. 

Allergy studies in guine-iv pigs. Three groups of twelve guinea pigs each 
received rcspectivelj' dailj’ subcutaneous injections for 21 daj’s of 2.5, 5.0 and 
7.5 mg./kg. of Bcnadrj’l. In addition to loss in weight, all pigs developed local 
tissue induration which was occasionally followed bj' ulceration in some pigs. 

The pigs were rested for 37 daj's and then were injected subcutaneousty or 
>ntraperitonc.allj' with 5 to 10 mg./kg. of Benadryl. None of the pigs showed 
factions immcdiatel}' or subscquentlj-. It was erident that Benadiyl did not 
sensitize guinea pigs and no anaplylactic reactions developed. 
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Phaemacodynamics. In the anesthetized dog, toxic doses of Benadrj'l 
intravenously and perorally produced blood pressure depression. The heart 
rate was accelerated in small doses and retarded on larger doses. Respiration 
was stimulated by small doses and became restricted in depth with larger doses, 
followed by respiratory failure, placid prostration and death. 

In unanesthetized dogs on toxic doses, after an initial increase in rate, the 
respiration became shallow, irregular, slow, and labored, followed by respiratory 
failure. The pulse became fast and weak at first, followed by strengthening and 
sieving. After respiratory failure, the pulse became rapid and feeble, and then 
ceased. On the contrary, if the respiration did not fail the respiration rate in- 
creased and the pulse rate became slower and stronger and the animal recovered. 

In small doses the pulse rate remained unchanged or became slightly depressed. 
The respiratory rate was stimulated. 

Pathology. The early histopathologic changes in animals dying were 
confined to congestion and edema of the lungs and congestion of visceral organs, 
liver, kidneys, spleen, adrenals and gastro-intestinal tract mucosa. Animals 
which survived the acute effect of Benadryl or A-446, after a rest period of 48 
hours to nine days, displayed no pathologic changes on necropsy and on micro- 
scopic examination of tissues. 

Animals given multiple parenteral non-lethal doses, on necropsy and on micro- 
scopic examination of the visceral organs and brain tissues, were free of de- 
generative tissue changes. 

Peroral administration of single toxic doses to smaller animals, (mice and 
rats), developed acute symptoms of toxicity and death within two hours 
accompanied by prostration and respiratory failure. Pathologic changes were 
similar to those from parenteral administration: severe congestion of the lungs 
and visceral organs. A prolonged ingestion by mice of 100 to 185 mg-AS- 
A-446 and Benadryl daily by mice and 249 mg. Ag- of Benadryl by rats, caused 
gradual loss in weight and cachexia. Histologic study showed moderate to 
severe chronic inflammatory foci in lungs, congestion of spleen, and slight 
edema of liver with mild spotty fatty degenerative infiltration. The kidneys, 
adrenals, pancreas, and brain tissues appeared normal. The intestinal tract 
was considerably dilated and atonic, but no acute inflammation or necrosis was 
found. The thyroid glands showed mild depletion of colloid substance. The 
acinal cells showed mild hypertrophy^. 

Histologic material of dogs ingesting Benadryl or A-446 in doses of 10 mg./kg- 
in single or divided daily doses revealed no cumulative tissue degeneration. 
The kidneys and urinary bladder were free of calculi. The gastro-intestinal 
mucosa on dose levels up to 25 mg./kg. appeared normal. Dosage of 40 to 80 
mg./kg. caused mild congestion and scattered petechial hemorrhages of the 
gastro-intestinal mucosa, particularly in the case of A-446. 

Clinical and histopathologic evidence indicates that death in animals following 
adnunistration of lethal doses of Benadryl and A-446 was due to a violent neuro- 
motor excitement, com-ulsions, respiratoij'' failure and myocardial depression, 
accompanied by' congestion of visceral organs and anoxia. Death on prolonged 
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ingestion by small animals of the respective compounds was due to combined 
effect of cachexia, gastro-intestinal atony, congestive stasis of visceral organs 
and superimposed inflammatory foci in lungs. In larger animals, (dogs), no 
parenchymatous tissue changes occurred on ingestion of 10 to 80 mg./kg. 

SUMMARY 

Two compounds, /3-dimethylaminoethyl benzhydryl ether hydrochloride 
(Benadryl), and /3-morpholinoethyl benzhydryl ether hydrochloride (A-446), 
possessed in experimental animals pharmacologic properties similar in type, but 
different in intensity. The intensity of reactions and toxicity of Benadryl was 
roughly twice that of the raorpholino compound. 

In aminals both substances caused a complex syndrome of excitant reactions 
predominantly neurogenic in origin involving motor, sensoiy and autonomic 
nervous systems. Small doses increased the cardiac and respiratory rates. 

Irrespective of the mode of administration, to.xic doses of either compound 
caused excitement, spastic ataxia, extreme irritability, sensitivity to sound, 
mydriasis, painful hyperaesthesia, convulsive attacks, and respiratory and 
myocardial embarrassment. Death occurred from respiratory and myocardial 
depression following violent excitement and terminal prostration. 

Duration of reactions varied with the route of administration. Dogs re- 
covered in 15 minutes to about 3 hours from intravenous and 2 to 8 hours from 
peroral administration of non-lethal amounts. 

Intravenously to dogs 2.5 mg./kg. of Benadryl and 5.0 mg./kg. of A-446 
caused no reaction. Perorally 12.5 to 20 mg./kg. of Benadryl, and 20 to 30 
™E'/hg. of A-446 twice daily were well tolerated. Neither Benadryl or A-446 
caused somnolence or cumulative toxic action in animals. No tolerance, sensiti 
zation or anaphylactic reactions occurred. 

The histopathologic changes produced by toxic doses of both compounds' were 
related to vasodilation, congestion and stasis. In tolerated doses no acute or 
cumulative degenerative tissue changes occurred. The hematologic picture 
and physiologic function of liver and kidneys were essentially unaffected by either 
compound. 

Barbiturates controlled excitant neurologic reactions, but did not prevent 
respiratorj'-cardiac depression. 

Benadrj'l and A-446 were well tolerated in animals in appropriate dosage 
range for a period of six months. The former was the more active compound 
and on the basis of this study was submitted to clinical trials, results of which 
have been reported elsewhere. 
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In 1937, Bovet and Staub (1) reported that 929F* had the ability to prevent 
the lethal effects of histamine intravenously administered in guinea pigs, and 
later Staub (2) extended this work to include other Foumeau compounds, of 
which 1571F was apparently the most active. In 1942, Halpem (3) indicated 
that considerably more active compounds were possible, of which 2339RP was 
the most active and least toxic. Recently Loew and coworkers (4) have re- 
ported “Benadryl” as the most active of a series of homologous ethers related 
to 929F, and Mayer, Huttrer and Scholz (5) have reported 63C, or “Pjoibenz- 
amine”, as the most active member of a series of pyridine analogs of 157ir and 
2339RP. It is well known that atropine is able to antagonize certain histamine 
effects on isolated segments of intestine and a great volume of work has been 
done with related, synthetic esters in the search for antispasmodic agents. 
Lands, Nash and Hooper (6) reported several anticholinergic esters that had 
considerable antihistamine activity. Since the reports concerning many of 
these compounds appeared in the literature almost simultaneously, no one has 
investigated them on a comparative basis. Experiments herein reported were 
conducted to determine the relative antagonism of these various compounds 
for the transient fall in blood pressure produced by the intravenous administra- 
tion of histamine. Wells and coworkers (7) have assayed the activity 
of Benadiyl by comparing the amounts of histamine required to produce a 
given fall in blood pressure before and after Benadryl, while Loew (4) compared 
the reduction in depressor response produced by a repeated small dose of hista- 
mine. Both of these procedures have been extended to cover the compounds 
under investigation whose structural formulas are given below: 


OIL CIL 
\ / 
CH 


929F 



HC 

<i5 


HC— O— CHjCHjN 




CHj 




CHj 


S51 

Benadryl 


> The compounds under investigation in this paper are referred to by the trivial reference 
numbers used by other workers or by trade names since no accepted, common or official 
names are available and the proper chemical names are cumbersome. 
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/V-NCH-CHiN 
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CHj 


-N— CH 2 CH 2 N 


/ 


CH, 




2339RP 

Antergan 


CHa 

HO C— CO 0 CH, CHj 
^ 0-2,315 


63C 

Pyribeazamine 


CHs 

CHa 


N— CHiCHjN 


/ 


C2H6 



\ 


1571F 


C.Hb 


Experimental. A. Experimenls in dogs. The intravenous injection of 
smaU amounts of histamine elicits a transient fall in blood pressure m the dog 
that, under conditions of uniform anesthesia and constant level 
is quantitatively reproducible. This depressor response is allege 0 e ue* 
relaxation of arteriolar smooth muscle and capillaries (8). 

PnocEDOBE. Experiments were made on thirty apparently healthy ^ 

(W2 kgm.) anesthetized with 350 mgm./kgm. sodium barb.tal 

toneally ninety minutes prior to operation. Blood pressure was recor e docs were 

mercury manometer connected to the carotid artery. The majon y inieotions 

vagotomized to prevent reflex interference with the All mjectrons 

were made into In exposed femoral vein. In each ^"Pff oV 
micrograms/kgm. of epinephrine were given, and then 1, 2, 5, an nu g ^ moles/ 

famine (equivalent to 3, 6. 5, 16, and 32 X 10- MoIesAgm.) acid ™ d^i 

kgm. of the histamine Intagonist, and the epinephrine and histamine related An r^d^_ 
tional 1.0 X 10- MolesAgm- of the agent was administered, and the 
mine again repeated. Where it was possible to give lar^r 

producing a permanent reduction in the blood pressure, 3.5 as hpfore 

6 X 10- MoksAgm ) was given, the epinephrine and histamine being repeated as l^fore 
except that the do^Tge of histamine was increased to include the 100 to 1000 microgram/kgm. 
range. 

Resui/ts. a cross-section of the results is given in table 1, treated b3 the 
method of Loow (4b). Table 2 indicates the Hstamine-eqmvalence results 

following the procedure of Wells (7b). . 

Staub (2) was unable to produce antidepressor effects for 929F against a- 
mine. Climenko, Homburger, and Messer (9) indicated the relative lack of 
activity of 929F when tested by a similar procedure. Their results are also 
considerably complicated by the continuing fall in blood procure pr^uced by 
large doses of the agent. In attempts to obviate this undesirable side action. 
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they administered the 929F subcutaneously in divided doses, but the histamine 
antagonism is scarcely any better, and the animal still deteriorates fairly rapidly. 
This same difficulty is encountered with 1571F. Yonkman (10) in a preliminary 
report on the effects of 63C mentioned that small doses of the agent did not 
antagonize the histamine vascular effects. However, Sherrod, Schloemer, and 
Loew (11) reported that considerable histamine antagonism can be produced 
with larger doses of Pyribenzamine. Their preliminary report did not give 
any quantitative data, but the results in table 1 are certainly confirmatory. 
Antergan or 2339RP is effectively able to antagonize the histamine fall in blood 

TABLE 1 


Per cent decrease in blood pressure fall produced by histamine after antagonist 


HAVE or OSTTG 

ACEKT 

DOSE 

HISTAimCE 

2 

UCC /ECU 

AGENT 

DOSE 

HlStAUINE 

5 

IfCC /ECU. 

AGENT 

DOSE 

histamine 

10 

KCG /tea 

Thymoxyethyldiethylamine HCl 

m/m 

% 

mfm. 

% 

mim. 

% 

(929F) 

Diethylaminoethyl ethylaniline j 

IB 

43 

i 

4.4 

42 

16 

21 

HCKISTIF).. .. 
Dimethylaminoethyl benzylaniline 

1.3 

-10 

3.9 

6 

12.8* 


HCl (97B or2339RP) . 
Dimethylaminoethyl benrylpyridino 

1.5 

S3 

4.4 

70 

14.6 

78 

HCl (63C) ... 

Benzhydryloxyethyldimethylamine 

1.5 

80 

4.4 

55 

14.6‘ 


iici (A524 or SSI) 

Dimethylaminoethyl phenyl-a- 

1.5 

90 

4.4 

67 

14.5 

74 

thienylacetate HCl (0-2, 327) . 
Dimethylaminoethyl phenyl-a- 

H 

27 

4.8 

40 

16.3* 


thienylglycolate HCl (0-2, 315) 
Diethylaminoethyl phenyl^i- 

D 

86 

5.1 

82 

17.0 

88 

thienylacetate HBr (606) 
Diethylaminoethyl phenyl^r- 

2.0 

29 

6.0 

27 

19.9* 


thienylglycolate HCl (600) . 
Piperidinoethyl phenyl-a-thienyl- 

H 

64 

■ 

81 

18.6* 


glycolate HCl (609) 


95 

Wm 

46 

19.0* 



Each per cent figure is the average of the results in three dogs. “ = above the imme- 
diate LD50. * = prolonged fall in blood pressure. 


pressure. Halpem did some preliminary experiments in which five milligrams 
of Antergan gave about fifty per cent reduction in the fall produced by twenty- 
five micrograms of hista m ine. The results with Benadryl are similar to those 
of Loew (4b) except that slightly better antagonism has been obtained than 
he reported, and in this respect, the results are more comparable to Wells (7b). 
Also, we found that if the dose of Benadryl is adequately increased, further 
reduction in histamine effect is possible, which is partly in disagreement with 
Loew. In the histamine-equivalence method of Wells, we found it best if 
doses of ten micrograms/kgm. of histamine were not exceeded early in the 












ANTIHISTAmNIC SUBSTAXCES 


237 


e\penment, as larger doses of histamine apparently left the animal in pool 
condition so that the administration of 14.5 or 29 mgm /kgm. of Benadryl 
promptly produced peripheral vasomotor collapse from which the animal did 
not recover. Barbitalized dogs that had received no histamine survived 56 
mgm Agm of Benadryl without a significant reduction in blood pressure, 
other than the transient fall immediately following the injection. This apparent 
potentiation of the deleterious effects of these agents by the prior administration 

TABLE 2 


Amount of histamine necessary after antagonist to reproduce effects of B micrograms 

of histamine 


nave or Dsuc 

AGENT 1 
DOSE 

EISTAVINE 

EQmVA- 

lENT 

AGENT 

:>os£ 

HISTAMINE 

EQUIVA- 

LENT 

AGENT 

I>OSE 

BISTAIONE 

EQUIVA- 

LENT 

Thjmoxyethyldiethylamine HCl 

mgm 

tnegm 

mgm 

megm 

mgm 

megm 

(929F) 

Diethylaminoethyl ethylamlme 

1.6 

— 

4.4 

12 



HCl a571F) 

^unethylaimnoethvl benzvlamlmpi 

1.3 

— 

3 9 

8 



HCl (97B or 2339RP) 
Dimethylaminoethyl benzvlpvridme 

1 5 

20 

4 4 

80 

14 6 

200 

HCl (63C) 

Benrhj dryloxyethyldimethj lamiae 

1 5 

10 

4 4 

40 



HCl (A624 or S51) 

Dimethylaminoethyl phenyl-a- ! 

1 6 

SO 

4 4 

125 

14 5 

250 

thienylacetate HCl (0-2, 327) 
Dimethylaminoethyl phenyl-a- 

I 6 

10 

4 8 

12 

I 



thienylglycolate HCl (0-2, 315) 
Diethylaminoethyl phenyl-ct- 

1 7 

25 

5 1 

100 

16 0 

500 

thienylacetate HBr (606) | 

Diethylaminoethyl phenyl-a- 

2 0 

10 

6 0 

10 



thienylglycolate HCl (600) 
ipcndinoethyl phenyl-a-thienyl- i 

1 9 

20 

5 7 

50 



EbcolateHCl (609) 

1 9 

15 

5 7 

40 




The histamine equivalent is the median result of determinations in three dogs for each 

compound 


of large doses of histamine was most noticeable with 929F and 1571F although 
it did also occur with 63C and 2339RP. 

Of the compounds of the type investigated by Lands, Nash and Hooper (6), 
the dimethylaminoethj 1 plienyl-a-thienylglycolate (0-2, 315) was the most 
active, with the other glycolates showing some activity and the acetates very 
little The differences in the histamine eqmvalents after the administration of 
5 X 10~“ MolesAgm of Benadrji, Antergan and 0-2, 315 appear quite large, 
but the actual differences are not great. With large doses of these potent 
antihistaminic agents, it is often difficult to tell the difference between 0.1 and 
1.0 milligramsAgm of histamine, and if the results are expressed as “per cent” 
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as Wells (7b) has done, they simply indicate that the animal has been protected 
against something over 95% of the administered histamine. However, with 
lower doses and with the less active agents, it is quite easy to measure the differ- 
ence between two doses of histamine that differ by only one or two micro- 
grams/kgm. 

Since the 0-2, 315 is relatively non-toxic and has very little epinephrine 
potentiating action or other undesirable side-effects, it was considered worthwhile 
to compare it with Benadryl and Pj'ribenzamine in other species of animals. 

B. Experiments with rabbits. Although Ramanamanjary (12) has published 
that 929F, 1571F, and 2339RP are inactive when administered subcutaneously 
to rabbits that have been anesthetized with chloralose, barbiturates, or urethane, 
it was decided to include rabbits in the investigation by virtue of their normally 
biphasic blood pressure response to histamine. 

PROCED0RE. E.xperiments were made on seven rabbits anesthetized with 350 mgm./kg™- 
sodium barbital administered intraperitoneally ninety minutes prior to operation. Three 
additional rabbits were anesthetized with two grams/kgm. urethane administred intra- 
peritoneally as a warm, twenty-five per cent solution two hours prior to operation. Hamil- 
ton hypodermic manometers as modified by Shuler (13) were used to record blood pressure 
changes. The median circumflex branch of the femoral artery was cannulated with a } inch, 
24 gauge, cannula so that the tip of the cannula was flush with the lumen of the femoral 
artery or barely protruding into the femoral artery in order that information concerning 
the peripheral standing waves and run-off could be obtained (14). Injections were made 
into the exposed femoral vein of the opposite leg. Twenty micrograms/kgm. of epinephrine 
and fifty and two hundred micrograms/kgm. of histamine phosphate were injected as test 
doses, then 0.5 and 1.0 X 10~‘ Moles /kgm. of the antihistaminic agent, and the test doses 
repeated with an additional dose of 1000 micrograms/kgm. of histamine. 

Results. Woodbury (15) has indicated that the rabbit may respond to 
histamine by either vasoconstriction with an accompanying rise in hlood pressure 
or by vasodilation tvith the usual fall in blood pressure. This phenomenon 
was observed in our rabbits. 0.5 X 10“® Moles/kgm. Pyribenzamine, 
Benadryl, and 0-2, 315 completely antagonized the slight rise produced by 
fifty or two hundred micrograms of histamine and from forty to sixty per cent 
of the fall. A total dose of 1.5 X 10“* M/kgm. (about 5 mgm./kgm.) of these 
agents antagonized seventy to one hundred per cent of the fall produced hy 
fifty micrograms histamine, sixty to seventy per cent of the fall from two hun- 
dred micrograms, and thirty-five to forty-five per cent of the fall from one 
thousand micrograms. As far as the quantitative results were concerned, it 
would be difficult to differentiate one of these compounds from the other at 
these dose levels. None of these compounds produced the transient vasocon- 
striction sometimes seen in dogs (cf. Sherrod, 11, and Abreu, 16). They all 
produced vasodilation as e\'idenced by the loss of the standing-wave from the 
arterial pulse contour and the more rapid rate of descent of the run-off cun'e 
(14). The larger doses also produced considerable myocardial damage as 
evidenced bj^ the rounding of the systolic peaks. This is understandable, for 
the LDm for the rabbit for Benadrjd is about twice this dose or 11 mgm./kgm. 
(Rieveschl, 17). Sample sections of a typical e.\periment are shown in figure 1. 
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This particular rabbit had a verj' the pulse ten seconds 

to histamine by vasodilation only. T ® _ ro ^jgnce of increased cardiac 

after the administration of the liistainme is J tremendously increased 

effort to maintain the blood pressure in e in figure 5 in 

peripheral run-off. This record may e . . .. test dose of histamine, 

which the rabbit exhibited systemic vasoconstnc tice of determining 

C. Experiments until rats and guinea-pigs. desirable activity 

the lethal dose ranges for a drug in the albmo m andjh^^^^ effectiveness in 
in dogs or cats often leads to irrationa cone compounds has been 

relation to safeness. Since some toxicity data for these c 
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histamine phosphate ivas injcetcc .an transient fall m pressure, a 

1.0 X 10 -Moles/kpm. of the “J „„oived to suri-ive an hour and then 

and third millipr.am/kgm. of lustannne. The rats 
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rats survive this dose of Benadrjd and the corresponding dose of 0-2, 315 (34 
mgm./kgm.). Approximately seventy to seventy-five per cent of the fall in 
blood pressure produced by the histamine was antagonized and about ninety 
per cent decreased in duration. A typical record is shown in figure 2. 

Instead of investigating lower doses of these agents in rats, which are already 
relatively insensitive to histamine, it was considered more worthwhile to in- 
vestigate the lower dose range in guinea pigs. The guinea pigs were prepared 



Fig. 2. 350 gram white male rat. One mgm./kgm. of histamine acid phosphate riven 
intravenously at A and C. 34 mgm./k^. of dimcthylaminoethj-1 phenj-l-a-thienylglyco- 
late hydrochloride given at B. Injections given three minutes apart. Time signal 2.5 
seconds. 

in the same manner as the rats. Following Staub’s procedure (2), no test dose 
of histamine was given. 5 X 10~* ^loles/kgm. of the antihistaminic agent was 
given intrajugularly and after three minutes, 1.7 mgm./kgm. of histamine 
phosphate. The guinea pigs were sacrificed after one hour. 

Lehman and Knoefel (18) used a somewhat similar technic in demonstrating 
the antihistaminic actit-ity of dietln-laminoethyl 9, lO-dihydroanthracene-9- 
carboxj’late in which they injected the agent subcutaneously and later intra- 
cardialiy administered 1.7 mgm./kgm. of histamine phosphate, a dose which is 
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about three times the certain fatal dose. Their compound protected the guinea 
pigs from most of the effects of the histamine. 

The results obtained from three litter-mates are given in table 3 and sample 
records in figure 3. Figure 3A shows that this dose of histamine can produce 
eath m the guinea pig by direct myocardial depression, as well as by the better 
■norni bronchospasm. In contrast to this, the broadening of the pulse (systolic- 
lastolie difference) about twenty or thirity seconds after the administration 
0 this dose of histamine after Benadryl or 0-2, 315 (arrow in 3C and 3D) in- 
icates that these agents protect the heart against the effects of histamine, for 
e heart tends to maintain the blood pressure of the animal in the face of 



Fig. 3. Four 350 cram male guinea pigs. A. received l.T mgm./kgm. of histamine acid 
phosphate intrajuguiarly at the time line signal; B received twenty microgramsykgm. of 
epinephrine. C received 0-2, 315 17 mm./kgm. at the first signal and three minutes later 
at the second signal 1.7 mgm./kgm. of histamine acid phosphate D received 14.5 mgm./ 
kgm. of Benadrj-I at the first signal and three minutes later at the second signal 1.7 mgm./ 
kgm. of histamine acid phosphate. The time line intervals are 2 5 seconds. 

increased peripheral run-off and this seldom, if ever, occurs in an animal with 
poor cardiac function (14). It is also indicative that tlie doses of antihistaminic 
agent administered did not markedly damage the heart. Mo attempt was 
made to determine the number of lethal doses of histamine the.se agents would 
protect tlie guinea pigs against (4a, 5), the object being only to sec the antagonism 
of the blood pressure effects, which are not the primary’ important factors in 
the lethal action of liistamine in the cavy. Certainly considerable antagoni.sm 
did occur. Double this dose of Pyribenzamine and Bcnadiyl are immediately 
fatal for the guinea pig on intravenous injection. 

D. Expenmeuts m(h cals. ^YoodburJ• (15) demonstrated that histamine 
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produces pulmonary arterial vasoconstriction in the cat, and it was considered 
reasonable to investigate the antagonism of this phenomena with these agents. 
Six cats were anesthetized with 350 mgm./kgm. of sodium barbital given intra- 
peritoneally. A cannula attached to one Hamilton manometer was introduced 
into the left carotid arteiy and a long 14 gauge sound attached to another 
Hamilton manometer was introduced down the right external jugular vein 
into the right ventricle, according to the technic described by Woodbury and 



Fip 4. I- our kilogram male cat. Upper record of each of the three sect ions is the carotid 
arterial blood pressure, lo\\er record of each of the three sections is the right heart intra- 
ventricular blood pressure Two hundred micrograms/kgm. of histamine acid phosphate 
injected intravenously at A. Five minutes later 7.2 mgm./kgm. 0-2, 315 injected intrave- 
nously, and iive minutes later the histamine injection was repeated at C. 

Abreu (19). Two hundred micrograms/kgm. of histamine were injected, 
2 X I0-‘ Moles/kgm. of the agent, and the histamine repeated. In ever}' 
case, the rise in the right heart intraventricular pressure produced by the pul- 
monarj’ vasoconstriction was completely antagonized, but the fall in sj'stemic 
arterial pressure was incompletely antagonized (see fig. 4). In attempts to 
increase the systemic antagonism, the dose of agent was increased to 1 X 10"* 
Moles/kgm., but the sj'stemic blood pressure was permanently depressed. 
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making it impossible to determine the amount of histamine antagonism pro- 
duced. Larger doses of histamine were not given in cats, since they tend to 
produce rises in the right heart pressure by means of back pressure from a 
damaged left heart, and these agents could not be expected to antagonize such 
a secondary effect. Certainly, the antagonism produced by these agents in 
the cat is far inferior to that in the dog. These agents often produce a t 3 'pical 
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Tjo a 3 C kilogram male rabbit Upper recording of each of the three sections is the 
left heart intraventricular blood pressure and the lover recording of each of the three 
sect ions IS the right heart intraventricular blood pressure One hundred micrograms/kgm 
of histamine acid phosphate was administered intravenously at .V Five minutes later, i 45 
mgm /kgm of 63C or Pyribenzamine was administered at B, and five minutes later, the 
histamine injection was repeated at C 


transtont fall and then a .slight nse m sj’Stcmic artenal pressure in the cat and 
rat, i-imilar to that reported for similar agents in the dog (11, IC). Figure 2B 
js a good example of this in the rat, although it docs not occur in figtire 4B to 
any nieasiirablo degree. 

It IS considcndily more diflicult to satisfactorily introduce sounds into both 
the right and left \cntrielcs of the cat or rabbit than it is in the dog. In attempts 
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wth nineteen rabbits, ranging in weight from three to seven kilograms, only 
four successful preparations were made, the rest of the animals djung suddenly 
from inadvertent puncture of the aorta or ventricle. Since large cats are 
locally rare, no attempts were made to obtain left heart intraventricular pres- 
sures, simultaneously vdth the right heart pressures pre^dously discussed. 
However, in the course of this investigation, one rabbit was adequately prepared 
and investigated with histamine and Pyribenzamine. Sections of this record 
are reproduced in figure 5. This particular rabbit exhibited both pulmonary 
and systemic vasoconstriction in response to histamine, and the antagonistic 
effects of Pyribenzamine are readily apparent even though they are incomplete. 

Discussion. Although all of the agents investigated possessed the ability 
to antagonize the histamine depressor effect for blood pressure, some of the 
agents were considerably more active than others. The histamine depressor 
effects in animals other than the dog could be at least partiallj" antagonized, 
although the quantitative relationships are probably different. 

The histamine depressor effect on blood pressure requires quite large doses 

TABLE 3 


Effect of antihistaminic agents in the guinea pig 


NA1£E or COMPOUND 

BLOOD PR£SSDK£ AJTi:* ADUIK1S- 
TftATIOV OP AGENT 

BLOOD PRESSimE APTEK ADUINIS* 
TEATION OP aiSTAiflNE 

Time inter\’al 

Normal 

10" 


Normal 

30" 

2' 

0-2, 315 17 mgm /kgm. 


110/50 

135/85 

135/85 


110/50 

G3C 14.5 mgm./kgm. 

135/85 

100/0 


125/75 


75/25 

Benadryl 14.5 mgm./kgm. 

145/95 

105/50 

125/95 

125/95 


125/80 


of antihistaminic agent be given to be adequately antagonized. It can be 
readilj’’ calculated that as little as one molecule of CSC can antagonize one 
molecule of histamine on isolated or intact guinea pig lung and five or six mole- 
cules of histamine on isolated guinea pig ileum (5). It is more difficult to work 
out the relationships from the data available for the other compounds investi- 
gated, but certainly all of them antagonize the contractile effects of histamine, 
be it on bronchi, or uterus, or gut, in concentrations of tens of molecules per 
molecule of histamine, although the relationship may be closer to a one to one 
differential competition for a given receptor than is apparent. In connection 
with this, it is interesting to note that the vascular contractile action, where it 
noticeably occurs in the rabbit systemic and cat pulmonarj' arterial system, is 
antagonized by lower doses of the antagonists than was e.xpected from the data 
obtained on the corresponding depressor antagonism. If one calculates the 
relationship for the antagonism of the depressor effect of histamine, the figure 
approximates one thousand molecules of Benadrj-I to antagonize one molecule 
of histamine. The relationship is similar for 0-2, 315 and Pyribenzamine. 
As the dose of these agents is increased, considerably larger amounts of histamine 
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can be antagonized, and the ratio decreases to as low as one hundred to one, 
but stiU considerably out of the range for antagonizing the contractile actions 
of histamine on intestine or bronchi. Although the concept of competitive 
inhibition of receptors is the most attractive one and seems the most reasonable 
(7b), the differential quantitative relationship between one large group of 
effectors and the other group, the depressor effectors, is so wide as to be dis- 
turbing. Also, it is difficult to reconcile the incomplete antagonism these 
agents often produce, regardless of the dose, and the idea of only one mechanism 
being involved in producing the fall in blood pressure by small doses of histamine. 
More than one mechanism cannot be involved or the repeated administration 
of histamine could scarcely give the same results, nor would a symmetrical 
dose-effect curve, be obtained for increasing doses of histamine. However, 
with large doses of these agents, the deleterious effects of very large doses of 
histamine on the heart are also antagonized, and this may involve even a further 
physiological mechanism. Regardless of the mechanism of action, the agents 
are effective against most of the known actions of histamine. 

Biochemobphologt. Examination of the chemical formulas and comparison 
with the relative activity of the compounds might tempt one to draw certain 
conclusions that are not entirely justifiable. The most active member of the 
PjTibenzamine series is the dimethylamino compound, 63C itself, although 
the diethyl compound has some actmty as do some other homologs. The 
most active member of the Benadiyl series is the dimethylaminoethyl compound, 
Benadryl, although the diethylaminoethyl and piperidinoethyl compounds 
possess some activity. The same relationship holds true for the Steams’ 
compounds, in which the dimethylaminoethyl ester, 0-2, 315, is most active 
while the diethylaminoethyl and piperidinoethyl esters possess some, but less, 
activity. However, one must not overlook the very wide differences in the 
other half of the compounds: one is a derivative of 2-aminopjTidine, one a 
derivative of diphenylmethanol, and the third an ester of phenyl-or-thienyl- 
glycolic acid. And it must be remembered that Rieveschl (17) found that very 
minor changes in the diphenylmethanol half of the molecule usually resulted in 
major loss in activity. Simple substitution of halogen, or the rearrangement 
of the phenyl rings to make cither fiuorenc or naphthalene derivatives resulted 
in agents vith little activitj'. With the Stearns’ compounds, if the side-chain 
hydroxyl is removed, converting the compound from a substituted glycolic 
acid to a substituted acetic acid, verj' little actixity remains. It is seldom that 
one finds three chemicallj' verj' different compounds with similar actixdty in 
similar dose ranges. The compounds arc so similar in their priman,’ pharma- 
cological effects that their rational clinical use will depend largely on which 
compound has the least undesirable side-effects. 

SUMMAnV 

The most active known antihistaminic agents have been tested for their 
ability to antagonize the depressor response of histamine on blood pressure in 
the dog, and their actixity compared on a quantitatix-e basis. 
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The three most .promising available compounds, Pyribenzamine, Benadryl, 
and dimethylaminoethylphenyl-a-thienylglycolate (0-2, 315) were shown to 
be able to antagonize the various cardiovascular effects of histamine in the 
Ruinea pig, rat, rabbit and cat. 
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Comparisons have been made of the effects of antihistamine drugs on the 
depressor and spasmogenic actions of histamine in dogs since the resultant 
data would aid in evaluating such drugs relative to their use as pharmacological 
tools for determining the role of histamine in physiological and pathological 
processes. Furthermore, a study of these and other pharmacological and 
toxicological data wth relation to therapeutic effectiveness of the various 
antihistamine drugs and to side-actions and toxicity should aid in selection of 
even more useful antihistamine drugs. The antagonism of the vascular effects 
of histamine assumes added significance in view of the recent reports that 
antihistamine drugs are therapeutically effective in allergic diseases (for refer- 
ences cf. 1-7) such as dermatoses, urticaria, and hay fever. Vascular reactions 
are undoubtedly fundamentally related to the major symptoms of allergy (8). 
The antihistamine drugs were also studied relative to their influence on the 
actions of acetylcholine and epinephrine on blood pressure, and their action 
on smooth muscle activity of the uterus and duodenum, since earlier studies 
(9-13) and our preliminary comparative studies (14) had shown that these 
drugs altered some actions of acetylcholine and epinephrine, both of which, 
like histamine, normally occur in the animal organism. 

The antihislanune drugs employed' were fi-dimethylaminoethyl benshydryl 
ether hydrochloride (Benado’l) (12, 15-18), N-p-methoxybenzyl-N-dimethyl- 
aminoethyl a-aminopyridine-H3P04 (2786 R.P. or Neoantergan) (9-11), and a 
homologue of the latter, N-benzyl-N-dimethylaminoethyl a-aminopyridine 
hydrochloride fPyribenzamine) (13, 19, 20). Each of these potent antihistamine 
agents was recently studied almost concurrently by separate groups of investi- 
gators, which fact accounts for the almost complete absence of desirable, direct 
comparisons of their pharmacological properties. It is regrettable that the 
commendable, extensive studies made with Neoantergan by Bovet and co- 
workers (9, 10, 11) have received so little consideration (7, 13), 

Evidence now available indicates that the drugs employed possess some 
similar antihistamine actions. Bronchospasm induced in guinea pigs and 
depression of blood pressure elicited in dogs by the injection of histamine, or 
by histamine liberated during anaphylaxis, is readilj’ prevented or diminished 
by Benadiyl (12, 14-18), Neoantergan (9-11, 14) and Pj-ribenzamine (13, 19, 
21, 22). Each drug prevents histamine from exerting its spasmogenic action 

* Benadrjl and Pyribcnzamine were supplied through the courtesy of Parke, Dsms and 
Company and Ciba Plinmiaceutical Products, Inc., respectively. Neoantergan was kindly 
furnished by Dr. Daniel Bovet, Institut Pasteur, 20 Rue de Doctcur Reux, Parks, France. 
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on isolated guinea pig ileum (9, 12, 13), and all exert some anti-acetylcholine 
action on isolated intestinal musculature. The effect of Benadryl on spontane- 
ous or induced activity of uterine tissue has not been determined. Since Neo- 
antergan is capable of stimulating isolated uterine tissue of the guinea pig (9), 
its homologue, Pyribenzamine may possess the same property even though 
both drugs antagonize the spasmogenic action of histamine on uterine tissue 
(9, 13, 14). 

Experimental. Healthy female dogs were anesthetized with pentobarbital sodium 
(30 mgm./kgm., I.P.) and prepared for recording arterial blood pressure from the carotid 
artery by means of a mercury manometer. Respiration was recorded by a Marey tambour 
connected to a pneumograph fixed securely to the side of the chest. Duodenal and uterine 
activity were recorded by inserting a small balloon filled with water into the respective 
organ. The balloon was connected to a w'ater manometer at a level of approximately 30 cm. 
above the organ. The contractions were relayed to a Marey tambour and recorded ona 
kymograph. 

All drugs were administered intravenously, and unless otherwise specified, the stated 
doses represent amounts given per kgm. of body weight. Following the control responses 
to 5 to 10 micrograms of histamine diphosphate, 2.5 to 5 micrograms of acetylcholine hydro- 
bromide and 2 to 4 doses of epinephrine hydrochloride (10 to 20 micrograms, total dose), one 
of the antihistamine drugs was administered in a single dose of 3 mgm. over a period of one 
minute. After 10 minutes the previous doses of histamine, acetylcholine and epinephrine 
were repeated and the responses compared with those obtained prior to treatment with the 
antihistamine drug. 

In view of the fact that the pressor response to epinephrine was usually agumentcd by 
each of the antihistamine compounds it appeared possible that sueh enhanced responses 
might be due to vagal blocking. In order to test this hypothesis the effect of each of the 
antihistamine compounds on the pressor response to epinephrine (10 to 20 nucrograms, total 
dose) was tested on three or four dogs previously atropinized (1 mgm./kgm.) and on another 
group of three dogs previously vagotomized. Epinephrine was usually administred three 
to four times before and following the antihistamine compound. The recording of duodenal 
and uterine activity was omitted in these experiments. 

Results. A. Altered vascular responses. Table 1 contains quantitative 
data relating to the effects of Benadryl, Pyribenzamine and Neoantergan on 
the depressor effects of histamine and acetylcholine. The average depressor 
response to histamine was diminished by 67 per cent under these experimental 
conditions following the administration of 3 mgm. of Benadiyl. At this dose 
level the a-aminopyridine compounds were approximately as effective as 
Benadrj'l in antagonizing the depressor response to histamine. 

Benadryl diminished the depressor response to acetylcholine by 41 per cent. 
In contrast to Benadryl, Pyribenzamine and Neoantergan did not diminish 
the acetylcholine-induced hypotension (table 1 and figure 1). 

Following the intravenous administration of any one of the three antihistamine 
compounds the magnitude of the mean pressor response to epinephrine lyas 
definitely enhanced; 42 per cent for Benadiyi, 45 per cent for I/yribenzamine 
and 28 per cent for Neoantergan (table 2, and figure 1). The pressor responses 
were prolonged bj' 50 to 75 per cent. This enhanced response to epinephrine 
was a consistent finding in all experiments with each of the drugs, although 
more variable and less in degree after treatment with Neoantergan. 
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Experiments were next made in four vagotomized and four atropinized dogs 
to determine whether epinephrine potentiation still obtained when cardiac 
vagal action was already eliminated in animals to be treated ndth antihistamine 
drugs. A comparison of the degree of the enhanced pressor response to epineph- 
rine caused by antihistamine drugs in normal, non-atropinized animals ndth 
that which occurred in atropinized animals (table 2) revealed that the phenom- 
enon still persisted and was in no instance significantly diminished in atropinized 
dogs. An equal number of experiments were made in vagotomized animals 
and the data (not included in table 2) were almost identical to, and thus in 
support of, that obtained in atropinized dogs. Other strong support for the 
belief that the potentiation of epinephrine was not referable to vagal blocking 
caused bj^ antihistamine drugs is apparent in the data. Before injection of 


TABLE 1 

Effect of antihistamine drugs on smooth mvscle activity and on depressor actions of hista- 
mine and acetylcholine 
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* AvCT»jje of 8 depressor responses caused by bistaxnlne or acclyicboline before and after treatment of 4 dogs with 
each antihistamine drug. 

t ^^hcre Mi — Mj 3 X PX., the difference was considered significant (Pearl; Medical Bioroetrj' and Statistics, 
IMO). 

* Each of the aotihistamine drugs usually blocked the spasmogenic action of bbtaminc on the duodenum and 
uterus. 


antihistamine drugs in atropinized dogs the pressor responses to epinephrine 
never exceeded the corresponding responses in normal dogs. Thus, if atropine 
itself failed to augment the pressor action of small doses of epinephrine in dogs 
anesthetized with pentobarbital it is apparent that the phenomenon noted 
after treatment with antihistamine dnigs is not due to an atropine-like action. 

B. Activity of the dtiodcnxim and uterus. Benadrj-l reduced the tone and 
inhibited the spontaneously active duodenum (figure 2) for 10 to 30 minutes 
and also prevented the spasmogenic effects of histamine on this organ. Xco- 
antergan and Pyribcnzaminc also regularly antagonized the spasmogenic effects 
induced by the intravenous administration of histamine, but thc-^e compounds 
differed from Benadrjd in that they induced or increased duodenal tone for 
3 to 30 minutes when administered intravenously (table 1 and figure 2). Tliis 
effect usually began irithin 2 to 3 minutes following injection. The small dose 
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+42 

34 

38 

52 

+14 ±2.48 

+33 

Pyribenzamine . . . 

12 

40 

58 

+18 ±5.22 

+45 

18 

40 

67 

+27 ±4.66 

+68 

Neoantergan 

21 

39 

50 

+11 ±1.19 

+28 

26 

38 

55 

+17 ±5.48 

+45 


• Number of injections before and again after injection of antihistamine drugs, 
t Where Ml — Mi *= 3 X P.E., the difference was considered significant (Pearl; Medical 
Biometry and Statistics, 1930). 

} Essentially identical data were obtained from an equal number of vagotomiied dogs. 
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of acetylcholine chosen to induce the desired depressor response only occasionally 
stimulated the duodenum and uterus, thus precluding the possibility of demon- 
strating any anti-acetylcholine action of these drugs on these organs. 

With regard to the uterus, Benadryl had no regular effect on spontaneous 
activity, but the activity induced or augmented by histamine was blocked in 
three of the four experiments. In no instance did Pyribenzamine or Neoantergan 
reduce the spontaneous activity of the uterus, although they did oppose the 
spasmogenic action of histamine. The a-aminopyridine compounds differed 
from Benadrjd in that they quite regularly induced uterine contraction when 
injected intravenously (figure 2). These induced contractions were equal in 
magnitude to those occurring spontaneously at intervals during the experiments, 
and persisted for approximately three minutes. 

C. Bronchospasm in guinea pigs. The approximate minimal doses of 
Benadryl, Pyribenzamine and Neoantergan which were capable of diminishing 


TABLE 3 

The anti -asthmatic action and acute toxicity of antihistamine drugs 


TREAnCENT OT CUXKEA PICS 

MORTALITY 

DECREASE IS 
PERCENTAGE 
MORTALITY 

P* 

ACXTTE 
TOXiaTY IK 
MICE. 

LDm db S.D 

Drug 

Mol wt 

Dose 

Ratio 

Per cent 



mifm / 





mvn /ktm , 



ksm,IP, 





IP 

Controls (untreated) 



20/20 

100 




Benadryl 

291 45 

1.5 

16/20 

so 

20 


75 ±5.2 

Pyribenzamine 

203 65 


7/20 

35 

65 






19/20 

95 

5 



Neoantergan 

267 22 


14/20 

70 

30 




* P value (from Fisher’s table) less than 0.05 indicates a significant difference from 
mortality in control group. 


the incidence of mortality in guinea pigs subjected to atomized histamine v^ere 
determined. Data presented in table 3, including the LDm for each of the 
antihistamine drugs, were supplied to us through the cooperation of Dr. A. C. 
Bratton and Margaret E. Kaiser of Parke, Davis and Company Research 
Laboratories. The experimental conditions were identical to those previously 
employed to determine the relative potency of benzhydrjd alkamine ethers (15), 
alkyloxytriazines (23) and other drugs (24). 

On a dosage basis, Benadrj-l proved to be about one-fifth as potent as Pyribenz- 
amine. These data are in general agreement vith other data which indicate 
that Pyribenzamine is more potent than Benadrjd in counteracting histamine 
bronchoconstriction (25), although it was demonstrated that the two drugs 
were equallj’ effective in diminishing the mortality rate in anaphj’lactic shock. 
In the present experiment, the potencj' of Neoantergan was found to exceed 
that of PjTibenzamine and Benadrj-l four and twentj- times, respectivelj'. 
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There exists a close similarity in the acute toxicity of the three antihistamine 
drugs in mice (table 3). Five doses of each drug were injected intraperitoneally 
in twelve mice of both sexes, each weighing 20 grams. Deaths were recorded 
for five days and the LDso determined from dose-mortality data graphed on 
log probit paper. 

Discussion. Hypotension induced in dogs by the intravenous administration 
of histamine was definitely diminished after treatment with antihistamine 
drugs, thus confirming earlier findings concerning Neoantergan (9-11), Benadryl 
(12, 17) and Pyribenzamine (26). The fixed intravenous dose of 3 mgm./kgm. 
for each drug resulted in essentially the same degree of antagonism of the hista- 
mine-induced hypotension. This does not permit the conclusion, however, 
that equal potency has been demonstrated for the three antihistamine compounds 
with respect to the depressor effects of histamine, since the dose of Benadryl, 
and possibly the a-aminopyridines, must be varied several fold in order to 
elicit an appreciable change in the percentage inhibition of the depressor action 
of histamine (12, 17). The ability of the antihistamine drugs to diminish the 
vascular response to histamine is of importance because of the major role of 
vascular reactions in anaphylaxis (27) and allergy (8). 

Neoantergan and Pyribenzamine were definitely more potent than Benadryl 
in preventing fatal bronchospasm in guinea pigs. Variations in absorption, 
distribution and excretion would influence the degree of action. Relative 
potencies based upon a given pharmacological response may diverge widely 
when based upon response of a different tissue or organ. However, it is of 
interest to note that Pyribenzamine has recently been shoivn to be more effective 
than Benadryl in reducing the severity of histamine shock, yet no more effective 
in preventing fatal anaphylactic shock in guinea pigs (25) even though much 
evidence indicates that the severe bronchospasm occurring during anaphyla.xis 
in this species is due to histamine (cf. 18 for refs,). In anaphylaxis, rate of 
histamine release and site of action may differ materially from conditions pre- 
vailing when histamine is injected or inhaled. 

As previously reported (11, 12, 14, 26) each of these antihistamine compounds 
augment the pressor response to epinephrine. This phenomenon could be 
referable to a sensitization of the myocardium or arterioles to epinephrine or 
to the fact that the antihistamine drugs diminished or blocked vagal, cardio- 
inhibitory impulses. The latter seemed most likely in view of the atropine-like 
properties of Benadryl and even possible with Pyribenzamine and Neoantergan 
since these compounds, like p-N-alkoxyphenylethylamines (28), could block 
the cardiac vagus even though failing to diminish the depressor action of acetyl- 
choline. However, the data presented appear to rule out the possibility that 
the enhanced pressor response to epinephrine could be due to blocking of the 
cardiac vagal fibers. Yonkman et al. (20) sometimes noted evidence of 
adrenergic (and cholinergic!) potentiation relative to salivary secretion and 
response of the nictitating membrane in cats when injected intra-arterially 
■vrith small doses of Pyribenzamine. Antergan also enhances certain responses 
to epinephrine (29), An obvious need exists for quantitative data and extended 
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of acetylcholine chosen to induce the desired depressor response onlj’’ occasionally 
stimulated the duodenum and uterus, thus precluding the possibility of demon- 
strating any anti-acetylchoUne action of these drugs on these organs. 

With regard to the uterus, Benadryl had no regular effect on spontaneous 
activity, but the activity induced or augmented by histamine was blocked in 
three of the four experiments. In no instance did Pyribenzamine or Neoantergan 
reduce the spontaneous activity of the uterus, although they did oppose the 
spasmogenic action of histamine. The a-aminopyridine compounds differed 
from Benadryl in that thej' quite regularly induced uterine contraction when 
injected intravenously (figure 2). These induced contractions were equal in 
magnitude to those occurring spontaneously at inter\'als during the experiments, 
and persisted for appro.ximately three minutes. 

C. Bronchospasm in guinea pigs. The approximate minimal doses of 
Benadryl, Pyribenzamine and Neoantergan which were capable of diminishing 


TABLE 3 

The anii-aslhmatic action and acute toxicity of antihistamine drugs 


TltlJlTUIKT or CXJINEA PICS 

UORTAUTY 

DECREASE IN 
PERCENTAGE 
MORTALITY 
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TOXICITY IN 
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UDudz 9.E. 

Drug 

Mol.wt. 

Dose 
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Controls (untreated) . . . 




100 




Benadryl 

291.45 

1.5 

16/20 

so 


0.04 

lb zhb.ti 

Pyribenzamine 

203.65 

0.3 

7/20 



<0.001 




0.1 

19/20 





Neoantergan 

267.22 

0.075 

14/20 

70 

30 

0.01 

90 ±6.9 










* P value (from Fisher's table) less than 0.05 indicates a significant difference from 
mortality in control group. 


the incidence of mortalitj’ in guinea pigs subjected to atomized histamine were 
determined. Data presented in table 3, including the LDm for each of the 
antihistamine drugs, were supplied to us through the cooperation of Dr. A. C. 
Bratton and Margaret E. Kaiser of Parke, Davis and Compan}’ Research 
Laboratories. Tlie experimental conditions were identical to those pre^^ously 
employed to determine the relative potency of benzhj'diyl alkamine ethers (15), 
alkyloxytriazines (23) and other drugs (24). 

On a dosage basis, Benadryl proved to be about one-fifth as potent as Pyribenz- 
amine. These data are in general agreement with other data which indicate 
that Pj'ribenzamine is more potent than Benadrjd in counteracting histamine 
bronchoconstriction (25), although it was demonstrated that the two drugs 
were equally effective in diminishing the mortality rate in anaphylactic shock. 
In the present experiment, the potency of Neoantergan was found to exceed 
that of Pj-Tibenzamine and Benadrjd four and twenty times, respectively. 
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studies referable to augmentation of adrenergic responses after treatment -ndth 
antihistamine drugs. 

Since Neoantergan and Pyribenzamine are homologous compounds one 
would expect a close similarity in their pharmacological properties as reported, 
respectively, by Bovet and co-workers (9-11) and by Mayer and his collaborators 
(13, 19, 20, 26). The present study revealed no qualitative differences between 
Neoantergan and Pyribenzamine. However, Neoantergan was more effective 
in preventing fatal, histamine-induced bronchospasm in guinea pigs. Compared 
on a weight basis the acute toxicity in mice was essentially the same for each 
compound. 

Unlike Neoantergan and Pyribenzamine, Benadryl antagonized the depressor 
action of acetylcholine as demonstrated in previous (12) and present experiments. 
Studies on isolated guinea pig ileum (12) revealed that the atropine-like property 
of Benadryl was much weaker than that of Trasentin and Papaverine. Similar 
studies vnth Neoantergan and Pj'ribenzamine (9, 13) indicated some degree of 
anti-acetylcholine action. This weak and restricted atropine-like action of the 
a-aminopyridine compounds in conjunction with their strong antihistamine 
action indicates that they may be more specific histamine antagonists than 
Benadryl. The latter compound possesses antispasmodic properties which 
contrast with the tendency of Neoantergan and Pyribenzamine to act as intes- 
tinal and uterine spasmogenic agents. 

The similarities and differences in properties of Benadryl, Neoantergan and 
Pyribenzamine should be considered when choosing antihistamine compounds 
for use as pharmacological tools. Following extensive clinical use, consideration 
of the advantages and deficiencies of the individual antihistamine compounds 
in relation to pharmacological properties should render it possible to develop 
antihistamine compounds possessing a wider range of utility and a greater 
degree of clinical effectiveness and safety. 

SUMMARY 

1. In dogs, equal doses of Benadryl, Pyribenzamine and Neoantergan were 
of the same effectiveness in antagonizing the depressor action of histamine, 
whereas the depressor action of acetylcholine was diminished only bj' Benadrj’I. 

2. Pyribenzamine and Neoantergan may be more specific than Benadryl as 
regards antihistamine action, and are more potent relative to prevention of 
fatal histamine shock in guinea pigs. Benadrjd exerted an antispasmodic 
action on the dog’s intestine but not on the uterus and all the compounds dimin- 
ished the spasmogenic action of histamine on the duodenum and uterus. Pyri- 
benzamine and Neoantergan contracted the duodenum and uterus. 

3. These antihistamine compounds enhanced the pressor response to epi- 
nephrine, the phenomenon being unrelated to a cardiac vagal blocking action. 
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oxj'genated (usually o per cent carbon dioxide in oxj'gen) at and then cooled, is 

withdrawal from the resen'oir A by a rotarj’ pump (C. F. Palmer (London) Ltd, catalogue 

TABLE 1 


S-methyl fso-thiourea* 
S-ethyl fso-thiourea . . . 


CH,-S- C(:KH7)NH, 
C;H.-S- C(:XH7)NH, 


methylguanidine 

ethylguanidine 

os.-dimethj'lguanidine, 
benzylguanidine 


CHj-XH- 

CsH.-NH- 

(CH,)=X- 

CJI.-CH.-N'H- 


C(:A'H7)NH 

C(:NHr)NH 

C(:KHr)NH 

C{:NH7)NH 


0-methyl iso-urea. 
0-ethyl jso-urea. . . 


CH,-0- C(:NH^)NHj 
C,H,-0- C(:NH;)XH, 


acetamidine CHj- C(:XHj)A'Hj 

propionamidine CsHj- C(:XH;)NHj 

n-butyramidine CHilCH-)#- C(:NH^)XHs 


•Since the amidine derivatives referred to are 99-100 per cent ionized in aqueous solution 
at pH( , it is convenient and not misleading to represent them as cations. In each case it 
is a salt of the compound named which has been tested. For simplicity, the conventional 
single and double bonds have been used for the structural formula of the amidine group, 
although according to modem concepts, the two nitrogen atoms are probably equivalent. 



Rat theough .a CAXX'ni..A Placed ik the AnnoiaNAi. Aohta 

The upper diagram is the elevation, the lower the plan. A is a beaker containing the 
perfusion fluid, B a Palmer rotara- pump, H a mercury manometer for recording changes in 
the perfusion pressure and C a heated pyrex dish containing warm Ringer-Locke solution 
in which is immersed a glass coil E carrying the perfusion fluid by the caimula ff to the rat 
hind-quarters F. 

no. F. 31), driven at a slow speed. It was found desirable to reduce further the output of 
the pump B by using rubber tubing of narrow bore. The resulting output in vario’is 
e.\perin;cnts was 4 to 14 cc. per minute. To prevent the tubes (((', being dragged 
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It was shown in earlier papers that S-methyl Iso-thiourea sulphate causes sus- 
tained rises of blood pressure especially when given intravenously (1, 2). Re- 
cently this substance has been used as a pressor agent to counteract the fall of 
blood pressure in spinal anaesthesia (3). Hueper and Ichniowski (4) found it 
more effective in dogs than ephedrine, tyramine or pituitrin when each was com- 
bined with colloidal methyl cellulose for the treatment of histamine shock. 

A prehminary examination of some eighty Iso-thiourea derivatives indicated 
that a number of the homologues of S-methyl Iso-thiourea produce similar effects. 
Similar pharmacological acti\’ity was noticed in particular with those homologues 
in which some other alkyl group was attached to the sulphur atom in place of the 
methyl group (5). To see if possession of these properties is confined to Iso- 
thiourea derivatives, chemical relatives of S-methyl Iso-thiourea were tested in 
which other alterations had been made in the molecule. 

This work drew attention to a resemblance between the pharmacological be- 
haviour of similarly constituted Iso-thiourea and guanidine derivatives. Per- 
haps the most ob\'ious similarity is that several members of both groups of com- 
pounds have a well-defined pressor action which seems to depend in part if not 
entirely upon a direct action on blood vessels. According to published work, to- 
gether with experiments reported here, analogies are provided also by their ef- 
fects on intestine, uterus, the respiratory movements, the blood sugar and the 
sensithdty to the vasoconstrictor action of adrenaline. 

The resemblance of certain Iso-thioureas to similarlj’ constituted guanidines 
led us to examine some of the corresponding Iso-ureas and amidines. As the 
evidence presented wll show, the close chemical relationship of the 11 substances 
tested (table 1) is reflected in their pharmacological behaviour. Analogies found 
to exist in their circulatory- and other effects are so striking that it seems desir- 
able to draw attention to these particular amidine ( — C(:NH)NH 5 ) derivatives 
as a clearly- defined pharmacological group. 

Methods. Dogs and cats were anaesthetized with sodium barbitone. Cannulac were 
placed in a femoral vein and a carotid artery, changes of pressure in the latter being recerded 
manometrically. Effects upon the respiratory movements were studied by connecting a 
stethograph, which was placed around the animal’s chest, to a tambour. Isolated rabbit 
intestine was suspended in Ringer-Locke solution at 39°C. in an organ bath similar to that 
used by Bum and Dale (6) . 

A method for perfusing the pithed hind-quarters of the rat at constant pressure through 
the abdominal aorta has been descrilred previouiily (5). The technique has now been 
modified for perfusion at constant rate (fig. 1). Ringer-Locke solution, which has been 
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oxygenated (usually 5 per cent carbon dioxide in oxygen) at 45°C and then cooled, is 
withdrawn from the reservoir A by a rotar 3 ' pump (C. F. Palmer (London) Ltd. catalogue 

TABLE 1 


S-methyl fso-thiourea* . 

CH,.S- 

C(:NHj')NH 

S-ethyl tso-thiourea . . . . 

CrHj-S- 

C(:NHt)NH 

methj'lguanidine 

CH,-NH. 

C(:lsn^)NH 

ethylguanidine 

CjHs-NH- 

C(:NHt)NH 

as.-dimethylguanidine 

(CHOrN- 

C(:NHt)NH 

benzylguanidine 

CoHi-CHr-NH- 

C(:NH,"')NH 

0 -methyl f so -urea 

CH,0- 

C(:NH^')NH 

0-ethyl iso-urea 

CrHsO- 

C(:NHJ^)NH 

acetamidine 

CH,- 

C(:NHj')NH 

propionamidine 

C,H.- 

C(:NH+)NH 

n-butyramidine 

CH.(CHj)2- 

C(:NH;)NH 


•Since the amidine derivatives referred to are 9&-100 per cent ionized in aqueous solution 
at pH7, it is convenient and not misleading to represent them as cations. In each case it 
is a salt of the compound named which has been tested. For simplicity, the conventional 
single and double bonds have been used for the structural formula of the amidine group, 
although according to modern concepts, the two nitrogen atoms are probably equivalent. 



The upper diagram is the elevation, the lower the plan. A is a beaker containing the 
perfusion fluid , B a Palmer rotary pump, H a mercury manometer for recording changes in 
the nerfusion pressure and C a heated pyrex dish containing warm Ringer-Locke solution 
m which is immersed a glass coil E carrj'ing the perfusion fluid by the cannula G to the rat 
hind -quarters F 

no. r. 31), driven at a slow speed It was found desirable to reduce further the output of 
the pump B by using rubber tubing of narrow bore. The resulting output in various 
evpcrincnis was 4 to 14 cc, per minute To prevent the tubes («', <,//) being draggcvl 
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along by the rollera, they were bound together with sticking plaster outside the adjustment 
screws S,S'. By using this device in place of the two Y-tubes supplied with the instrument, 
it was possible to perfuse simultaneously two preparations, one of which could be used as 
a “control”. Before reaching the perfusion cannula D placed in the abdominal aorta, the 
Ringer-Locke solution is heated to 39°C. by passing through a glass spiral E which lies in a 
rectangular Pyrex dish C. This dish contains warm Ringer-Locke solution, which also 
serves to keep the preparation F at body temperature. It was found by experiment that 
the temperature and rate of perfusion could be kept practically constant. IVhen a vaso" 
constrictor substance is injected into the short rubber tube G, the perfusion pressure is 
increased because of the greater resistance offered by the blood vessels of the rat’s hind- 
quarters. The consequent rise in “blood” pressure is recorded with a mercury manometer 
H registering on a kjmograph. Typical tracings are shown in figs. 3 and 4. Since the 
blood vessels appear, ordinarilj', to be fully dilated, the preparation cannot be used for the 
study of vasodilator effects unless a vasoconstrictor agent is added to the perfusion fluid. 
It should be mentioned here that the rat hind-quarters preparation is very sensitive to 
pH and as aqueous solutions of most of the salts tested have an acid reaction these were 
dissolved in Ringer-Locke solution and neutralized with sodium bicarbonate before injec- 
tion. The magnitude of the effects produced by injections of the various substances 
depends to some extent on the rate of perfusion, the larger effects being associated with the 
slower perfusion rates. 

The sulphates of S-methyl fso-thiourea (M.P. 243°C.), methylguanidine (MJ*. 23S'C.), 
ethylguanidine (M.P. 240‘’C.) and benzylguanidine (M.P. 204'’C.) were obtained by stand- 
ard methods. Commercial samples (Kodak) of S-methyl ijo-thiourea sulphate, guanidine 
acetate, methylguanidine sulphate and nitrate and os.-dimethylguanidine nitrate were 
also tested. 

The amidines and tso-ureas used were made for us in this laboratory by Mr. P. A. Ongley, 
B.A., M.Se. Acetamidine hydrochloride (M.P. 162'C.), propionamidine hydrochloride 
(M.P. 129°C.) and n-butyramidine hydrochloride (M.P. 93“C.) were prepared by standard 
methods. 0-methyl iso-area methyl hj-drogen sulphate (M.P. 10S°-109°C.) and 0 -eth 3 ’l 
»so-urea ethjd hj'drogen sulphate (M.P. fiD'C.) were prepared bj- heating together urea 
and the corresponding dialkj'l sulphate (7), crystalline products being obtained, apparently 
for the first time, bj" this procedure. Particulars will be given elsewhere (S). 

Results. Effect on the blood •pressure. As will be seen below all compounds 
referred to in table 1 exhibited pressor activity. 

Iso-thioureas. Reference to their effects on blood pressure has been made in a 
previous publication. 

Guanidines. Rises of blood pressure were nearly always observed in dogs and 
cats following the injection of guanidine and its meth 3 d, ethji and os.-dimethji 
derivatives. It was found, in agreement with -Alles (9), that the nature of the 
response to different derivatives varies considerablj\ The best pressor responses 
w'ere obtained with methyl and os.-dimethylguanidine. Thus in a series of 5 
vagotomized dogs, the latter (3-10 mgm./kgm.) produced rises of blood pressure 
which were often equal in height to those described previously with S-methji 
and S-ethyl zso-thiourea salts; but commonly the increases were of shorter dura- 
tion (fig. 2). When smaller doses of os.-dimethjiguanidine were giv^en, the rise 
of pressure W'as preceded by a distinct but temporary fall. 

It has already been reported that certain zso-thiourea deriv'atives displaj' the 
phenomenon of tachyphylaxis: that is, the pressor responses to several equal 
doses given in succession diminish rapidly so that a third or fourth dose of the 
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tso-thiourea may produce little or no rise of blood pressure or even a distinct fall. 
Some guanidines, but certainly not all those tested, resemble the tso-thioureas in 
this respect. AJles (9) states that large doses of ethylguanidine “may exhibit a 
reversal of effect and may cause a fall in pressure, especially with repeated doses 
or after the injection of other guanidine compounds”. ' Sum'lar results have now 
been obtained with benzylguanidine sulphate. Initial doses of this compound 
produced in 5 dogs biphasic pressor responses. Later doses had smaller pressor 
effects and a stage was soon reached when only falls of blood pressure resulted. 
Moreover, it was found in 4 out of the 5 e.xperiments that, at this point, injections 
of methyl- and of os.-dimethylguanidine now failed to raise the blood pressure. 

Iso-ureas. In 5 experiments on cats and in 4 experiments on dogs, the initial 
doses (4-10 mgm./kgm.) of 0-ethyl wo-urea ethyl hydrogen sulphate produced 
rises of blood pressure which ranged from 16-50 mm. in height and commonly 
lasted for 10-20 minutes. Slowing of the pulse and slight stimulation of the 
respiratory movements were usually observed at the same time. Unlike acetam- 
idine and propionamidine but like certain tso-thioureas and guanidines, this 
compound displayed tachyphylaxis to a considerable extent, later doses fre- 
quently having much less effect upon the blood pressure than the initial one. 
The sensitivity to S-methyl fso-thiourea also appeared to be reduced by previous 
injections of 0-ethyl iso-urea. In many experiments on anaesthetized dogs and 
in 5 experiments on pithed cats, definite pressor responses were obtained also 
with 0-methyl iso-urea,. 

Amidines. Rises of blood pressure which were prompt and considerable if 
somewhat transitory were usually observed in anaesthetized dogs and cats fol- 
lowing the intravenous injection of either acetamidine or propionamidine hy- 
drochloride (5-20 mgm./kgm.). Equal doses given within 5-10 minutes of each 
other normally gave almost equipressor responses in the same animal. The pres- 
sor effect of acetamidine was no less evident in pithed cats. Hence it may be 
surmised that its pressor action, like that of 0-methyl iso-urea and S-methyl iso- 
thiourea, does not depend upon the integrity of the central nervous system. 
Sli^t pressor activity was exhibited by n-butyramidine in the whole animal. 

Effect on blood vessels •perfused with Ringer-Loche solution. When pithed rat 
hind-quarters are perfused at a constant rate, vasoconstriction is indicated by a 
rise of pressure in the perfusion fluid which would correspond to a rise of blood 
piessure in the whole animal. Definite increases in the perfusion pressure were 
produced by buffered solutions of the following salts: — S-methyl iso-thiourea 
sulphate (15 experiments), methylguanidine nitrate (12 experiments), os.-di- 
methylguanidine nitrate (9 experiments) and benzylguanidine sulphate (6 ex- 
periments). In some experiments, the salt (O.l-l.O mgm.) was dissolved in a 
small quantity of Ringer-Locke solution and injected into the rubber tubing near 
the perfusion cannula ; in others, it was dissolved in the Ringer-Locke solution 
contained in the reservoir and perfused in knomi concentration. The concen- 
tration tried was usually 1 in 10,000 but vasoconstriction was sometimes quite 
apparent when more dilute solutions (1 in 100,000 or less) were used. 

Carefully buffered solutions of 0-methyl and 0-ethyl iso-urea (usually 0.05 




MeG EtG BzG Me^G S-Me S-Et 


Fio. 2. Effects of 0-methyl and 0-ethyI tso-urea (0-Me, 0-Et), ncetamidine and pro- 
pionamidine (Acet., Prop.), methyl-, ethyl-, benzyl- and as. -dimethyl-guanidine (MeG, 
EtG, BzG,MesG), and S-methyl and S-ethyl tso-thiourea (S-hle, S-Et) salts on the arterial 
blood pressure of anaesthetized dogs and cats. The dose (in mgm./kgm.) is given above 
each column. Each solid column represents a rise lasting for at least 10 minutes. Each 
hatched column represents a temporary rise. Falls of blood pressure (not shown) were 
produced in one experiment (dog) ^ith methylguanidine and in four (cats) with benzyl, 
guanidine. Often with the alkyl-guanidioes the pressor response was biphasic; in such 
cases, the second and more lasting rise is illustrated. 


to 0.1 cc. of 2 per cent, injected before the perfusion cannula (fig. 1)) both cause 
slight vasoconstriction in the perfused pithed hind-quarters of the rat. This was 
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observed in 9 out of 9 experiments irith 0-methjd and 7 out of 7 experiments irith 
0-ethyl fso-urea. 

^Tien acetamidine, propionamidine or n-butjTamidine were injected into the 
pithed hind-quarters ofthe ratin a small volume of buffered Ringer-Locke solution 
(0.05-0.2 cc. of 1 per cent) or perfused through the preparation in a knonm con- 
centration (usually 1 in 10,000), definite increases in the perfusion pressure were 
recorded in 23 out of 26 experiments with acetamidine, in 9 out of 9 experiments 
wth propionamidine and in 7 out of 8 experiments wth n-butyramidine. 

These results support the idea that the above compounds havea vasoconstric- 
tor action which is mainly or even entirely peripheral. 


llW’iuV,. Ijo thioureas Guanidines 

f Hj. 








Amidines 


Iso- ureas 


I I 

. ^ i 

‘ OlH 6^. 

Fla. 3. Pithed Rat Hind-quahtebs Preparation 

pa perfusion with ergoto\ine (1 in 150,000) the vasoconstrictor action of adrenaline 
(0.4 fig. at Ad.) is soon reversed This treatment, however, does not prevent the vaso- 
‘^°')®trictor action of the amidines and amidine derivatives tested, viz. S-methyl and S- 
>so-thiourea (S. M, S E), methyl-, ethyl-, as. -dimethyl- and benzylguanidine (MeG, 
BsG), 0-methyl and 0-ethyI rso-urea (O. M, O. E), and acetamidine, propion- 
amidme and n-butyraniidinc (A,P,B) a 1 or 2 mgm dose of the neutralized salt in Ringer- 
Eoclie solution ordinarily being injected. 


EJfecl on blood vessels perfused with Ringer-Locke solution containing ergctoxine. 
When the rat hind-quarter preparation was perfused with Ringer-Locke solution 
containing ergotoxine (0.5-3.0 mgm. in 100 cc.), the vasoconstrictor action of 
adrenaline was promptly reversed (fig. 3). The vasoconstrictor action of the 
above-mentioned iso-thiourea, guanidine, iso-urea and amidine derivatives was 
not abolished under these conditions (fig. 3). Thus the perfusion pressure was 
increased almost invariably by injections of S-methyl iso-thiourea sulphate, S- 
ethjd iso-thiourea, guanidine hydrochloride, methylguanidine nitrate, ethyl- 
guanidine sulphate, benzylguanidine sulphate or as.-dimethylguanidine nitrate, 
5-7 experiments being carried out with each salt. 

In 6 experiments with each salt the vasoconstrictor actions of 0-methyl iso- 
tirea methyl hydrogen sulphate and of 0-ethyl iso-urea ethyl hydrogen sulphate 
Were not abolished by ergoto.xine. In 4 e.xperiments each with acetamidine. 
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propionamidino and 7i-butyramidine, vasoconstriction also occurred when the 
compound was injected during perfusion of the rat limbs wth Ringer-Locke 
solution containing ergotoxine. 

Effect on the vasoconstrictor action of adrenaline. Experiments on dogs. The 
following results show that in dogs most of the amidines and amidine derivatives 
tested enhance the pressor acti\dty of adrenaline in appropriate doses. 

That the intravenous injection of S-methyl rso-thiourea, S-ethyl fso-thiourea 
and certain of their homologucs make dogs and cats more sensitive to the pressor 
action of adrenaline (5) has been confirmed repeatedly. 

Guanidine salts in doses too small to affect mammalian blood pressure have 
also been reported to prolong and slightlj' increase the pressor action of adrenaline 
(Burns and Watson, 10). In the present series of experiments, a definitely en- 
hanced response to the pressor action of adrenaline was observed in dogs in 5 out 
of G e.xperiments with as.-dimethylguanidine (2-7 ragm. per kgm.) and in all of 5 
experiments with benzylguanidine (1-4 mgm. per kgm.). The effect of benzyl- 
guanidine in dogs differs from that in cats for only a decrease in the sensitivity to 
adrenaline was produced in G experiments on cats (0.3-10 mgm. per kgm.). 
Slight ssnsitization was noticed occasionally in e.xperiments where the other 
guanidine derivatives examined were used. 

In 7 out of 9 experiments 0-ethyl fso-urea increased the sensiti%dty of dogs to 
the pressor action of adrenaline, the degree of sensitization being sometimes quite 
striking. 0-methyl tso-urea methyl hydrogen sulphate likewise usuallj' increased 
the pressor action of adrenaline. 

In 5 out of 6 experiments on I'agotomized dogs, ivhei'c equal doses of adrenaline 
were given before and after the administration of propionamidino, the sensitinty 
to the pressor action of adrenaline was definitely enhanced. This effect was not 
observed in dogs Hath acetamidine but n-butyramidine hj'drochloride increased 
the sensitivity of dogs to the pressor action of adrenaline to a conspicuous degree. 

Experiments on perfused blood vessels. In e.xperiments with perfused rat blood 
vessels, enhanced sensitivity to the vasoconstrictor action of adrenaline is ex- 
hibited at times by all and elicited regularly with most of the amidines 
and amidine derivatives tested (fig. 4). 

In 15 out of 17 experiments on the perfused pithed hind-quarters of the rat, 
S-methyl wo-thiourea injected before the perfusion cannula (0.05 cc. of 1 per 
cent) enhanced the vasoconstrictor action of adrenaline. Therefore it is likely 
that the sensitization it produces in the wliole animal depends partly or wholly 
upon some peripheral effect. Similar results obtained with S-ethyl fso-thiourea 
have already been reported (5). 

Less definite effects were obtained with guanidines. An enhanced response 
in the rat hind-quarters preparation was observed with as.-dimethylguanidine 
(4 out of 5 experiments). Benzjdguanidine was found to decrease the sensitivity 
to adrenaline in all experiments where relatively large doses (0.1 cc. of 0.5 per 
cent) were injected but smaller injections (0.1 cc. of 1 : 100,000) occasionally en- 
hanced the response to adrenaline. 

In all of 7 experiments injections of 0-methyl fso-urea (0.05 to 0.1 cc. of 2 per 
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cent) increased the sensitmty of the perfused rat hind-quarter to the vasocon- 
strictor action of adrenaline. In 6 out of 7 experiments similar amounts of 0- 
ethyl Mo-urca had the same effect. 

Of the amidines tested, propionamidine and w-butjTamidine when injected 
(0.05 to 0.1 cc. of 0.5 per cent) cause distinct sensitization. Thus 7 of the 11 
substances referred to in table 1 , under appropriate conditions, enhance the sen- 
sitivitj’ of rat blood vessels to adrenaline and one is chiefly adrenaljdic. 

The remaining 3 substances — acetamidine (0.1 cc. of 1 per cent), methylguani- 
dine (0.05 cc. of 1 per cent) and ethjdguanidme (0.05 cc. of 0.5 per cent) — on 
occasion sensitize rat blood vessels to adrenahne to a definite degree. As the 
sensitization passes off with continued perfusion the e.xperiment may be repeated 
several times on the one preparation with similar results. The individual prep- 
aration in which the sensitivity to adrenaline has been increased by one of these 
three substances will usually e.xliibit the same effect with the remaining two. In 
other rats, for reasons which we have been unable to determine, sensitization is 


A*. '■’■5 *"• ««. J 

P' 

Fig. 5. Desenaitization of perfused rat blood vessels to the vasoconstrictor action of 
adrenaline (0.4 pg. doses injected at Ad.)» following the injection of ethylguanidine (0.25 
mgm. at EtG). 

not exhibited or an equally emphatic adrenalytic action may be seen (fig. 5) and 
may be demonstrated repeatedly in the same rat hind-quarters. 

Effect on rabbit intestine. Although in comparison vith S-meth}'! fso-thiourea 
sulphate, which increases the tone and strength of contraction of isolated strips 
of rabbit intestine in a concentration of 1:100,000 or less (2), the}”^ have a weah 
action on gut, guanidine and its methyl-, ethyl-, benzyl-, and as.-dimethyl- deriv- 
atives produce definite stimulation in concentrations of 1:50,000-1:10,000, this 
effect being usually reduced but not normally prevented by atropinization. 

0-methyl iso-urea in 7 out of 8 experiments and 0-ethyl iso-urea in 12 out of 12 
experiments produced contraction of rabbit jejunum in the presence of 1 : 200,000 
atropine sulphate. Rather larger effects were obtained in the absence of atro- 
pine. Acetamidine (15 out of 18 experiments) and propionamidine hydrochloride 
(all of 9 experiments) caused the contraction of isolated strips of rabbit intestine 
in concentrations of 1:30,000-1:10,000 in the presence of 1:200,000 atropine 
sulphate. Higher concentrations of atropine sulphate were used on occasion and 
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usuaUy definite contractions were obtained from the vanous amidine de- 
Other 'pharmacological properties. Most members of the fom cbemcal group ^ 
jtimulate respiration when given intravenously in the dog. T e e ec is some 
times pronounced but may be tranatory. The effect on the heart rate is, as on 
might expect, somewhat variable in the whole animal. The iso-X loureas an 
most of the guanidines studied slowed the heart rate tnough it v as o ten increase 


TABLE 2 

Analogies in the pharmacological properties of iso-thioureas, guanidines, iso ut 

amidines 
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Rise in blood pressure in 

(a) anaesthetized animals . 

(b) pithed animal . 

Peripheral vasoconstriction in pithed 
rat hind-quarters preparation 
Vasoconstriction retained after ergo 
to)dne in pithed rat hind-quarters 
preparation ... 

Stimulation of smooth muscle 

(a) contraction of atropinized gut. 

(b) contraction of uterine horns 
Decreased permeability of blood 

vessels 

Tachyphylaxis shoH-n in pressor re- 
sponse (dogs) 

Sensitization to vasoconstrictor action 
of adrenaline; 

(a) enhanced pressor response in 

dogs 

(b) enhanced response in rat hind- 

quarters 

Slowing of heart rate 
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by benzylguanidine. There was usually some slowing of the heart with the zso- 
ureas and commonly an initial acceleration with the amidines. 

Discussion. -Analogies which have been shown to e.xist in the pharmaco- 
logical behaviour of the 11 amidine derivatives tested are surnmarized in table 2. 
It is evident from the table that S-methyl and S-ethyl fso-thiourea share several 
of their more distinctiv'e properties with the corresponding guamdines, fso-ureas 
and amidines. 
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Initial doses of the 11 amidine derivatives tested caused blood pressure in- 
creases in dogs. A peripheral site of action is indicated by the fact that all 11 
substances cause vasoconstriction in perfused rat blood vessels. 

Details of experiments which have been carried out with guanidine derivatives 
by other workers are referred to by Goldblatt and Karsner (11), who also consider 
that their pressor action is partly if not entirely of peripheral origin. However, 
finding that a large dose of ergotoxine prevents the decrease in limb volume which 
was observed in dogs following the intravenous injection of os.-dimethyl- 
guanidine, Goldblatt and Karsner concluded that the vasoconstrictor action of 
the latter is “brought about by stimulating the neuro-muscular apparatus of the 
arterioles, an action similar to that of adrenaline.” Our own experiments do not 
bear this out. The vasoconstrictor action of os.-dimethylguanidine, just as with 
the 10 other amidine derivatives tested, was not impaired to any noteworthy e.x- 
tent by perfusing the rat blood vessels with a sufficient concentration of ergo- 
toxine to reverse the action of adrenaline. The difference from our results in the 
rat hind-quarter may be e.xplained by the fact that their preparation was in- 
fluenced by the presence of the heart and of alternative blood depots. 

Since, in addition, aU the compoimds were found to cause definite though oc- 
casionally slight contraction of atropinized gut, we consider that the e\’idence so 
far as it goes suggests direct stimulation of plain muscle; but w'hatever the inter- 
pretation of the results, it is clear that all 11 compounds produce similar effects 
upon blood vessels and gut when given under strictly comparable conditions. 

The need for this last proviso is still more evident in experiments on adrenaline 
sensitization. With few exceptions the 11 amidine derivatives, in appropriate 
doses, sensitize dogs to the pressor action of adrenaline. Ten compounds in- 
crease, regularly in most cases, the vasoconstrictor effect of adrenaline in perfused 
rat blood vessels. The exact effect depends, however, upon the dose injected or 
concentration of the substance perfused. As will be showm in more detail in a 
subsequent paper (12), many iso-thioureas and certain other amidine derivatives 
enhance the response of perfused rat blood vessels to adrenaline w'hen they are 
injected in small doses, produce ambiguous effects in intermediate doses and de- 
crease the sensitivity to adrenaline in larger doses. As the range of concentra- 
tions producing sensitization varies considerably from one amidine derivative to 
another, sensitization may be missed if this is not borne in mind. There is also a 
“species” difference: thus benzylguanidine in appropriate doses increases the 
sensitivity of dogs to the pressor action of adrenaline whereas in cats benzylgua- 
nidine, in comparable doses, reduces it. 

While 7 of the 11 substances tested, in appropriate doses, sensitize rat blood 
vessels regularly to the constrictor action of adrenaline, 3 of the remaim’ng sub- 
stances — acetamidine, methylguanidine and ethylguanidine — may be foimd 
either to sensitize rat blood vessels to adrenaline vasoconstriction or to reduce the 
sensitivity. Similar experimental conditions may produce either one effect or 
the other but whichever effect be e.xhibited it is characteristic for the particular 
blood vessel preparation in the sense that several repetitions of the e.xperiment 
on the same vessels can be expected to yield the same results. 
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The last substance, benzylguanidine, strikingly reduces the sensitivity to 
adrenaline when injections are of the order of those used for the other substances 
although definite sensitization is seen sometimes when sufficiently small amounts 
are employed. 

In short it seems that this property of senstizing to the vasoconstrictor action 
of adrenaline is well developed in the fso-thioureas and wa-ureas tested and is 
found in some guanidines and amidines. The projierty has been demonstrated 
in the dog and in the perfused blood vessels of the rat. Certain of these sub- 
stances which we refer to as sensitizing blood vessels to the vasoconstrictor action 
of adrenaline may, under other conditions (e.g., higher concentration and dif- 
ferent species) reduce the sensitivity. Uncertainty of response, which is not 
merely a question of dosage, is encoimtered especially with acetamidine, methyl- 
and ethylguanidine. Similar e.vperiments with guanidine and methylguanidine 
have been performed by Mdheo and Czimmer (13), who found that these two act 
as syneigfists to adrenaline in contracting the blood vessels of frog legs. Ac- 
cording to Bums and Watson (10), guanidine also increases the extent and dura- 
tion of contraction of guinea-pig uterus treated with adrenaline. 

When equal doses of S-methyl iso-thiourea, S-ethyl iso-thiourea, benzylguani- 
dine or 0-ethyl iso-urea are ^ven repeatedly to the same animal the later injec- 
tions produce smaller rises, or in some cases even falls, of blood pressure. This 
occurs, though to a less extent, with 0-methyl iso-urea and n-butyramidine. 
That falls of blood pressure from the later injections may result from giv- 
ing several doses of ethylguanidine has been reported by AUes (9). 

In general all the substances tested increased respiratory movement. The 
effect on the heart rate is, as would be expected, somewhat variable in the whole 
animal. The most usual effect is a decrease in the heart rate. Similar results 
have been reported by AUes (9) on the guanidines which he e.xamined. 

It has been noted also (14) that acetamidine and some of the iso-thioureas 
and guanidines here studied have in common the unusual property of decreasing 
the permeability of blood vessels to perfusing Ringer-Locke solution. 

In contrast to the derivatives here described which are of low molecular 
weight, various other amidine derivatives, usuaUy of higher molecular weight, 
have been reported to decrease the blood pressiue. The 4 aromatic diamidines 
with trypanocidal actmty examined by Wien (15) were stated to be depressor, 
as were certain aryl-substituted guanidines e.xamined by AUes (9) and by Kurodo 
(16) and S,S' hexamethylene di-fso-thiourea (17). Of course, in so far as con- 
siderable variation in phy'siological activity is only- to be e.xpected in a chemical 
series, it is not surprising that examples can be given also of amidine derivatives 
(e.g. creatine, formamidine disulphide (17)) which do not display pharmacolog- 
ical activity of the type described. Wien (15) pointed out a resemblance of 
aromatic diamidines to guanidines in the antagonistic effect of calcium to their 
depressor action and in the senstization of striped muscle to potassium ions. 
Apart from this, the only reference to the circulatory effects of tso-ureas or 
amidines was seen in a chemical paper (Easson and Pyman, 18) where it was 
stated that p-hydroxyphenyl acetamidine is pressor. 
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However, other effects have been investigated more fully, particularly on 
amidines and amidine derivatives of higher molecular weight than those we 
examined. Following the introduction of “synthalin” (decamethylene di- 
guanidine) by Frank, Nothmann and Wagner (19), hypoglycaemic properties 
were looked for in many other guanidines and related substances. Shikmami, 
Yonechi, Kawai and Hosono (20), Broom (21) and others found that several 
types of amidine derivative have a similar kind of action, hypoglycaemia being 
produced especially by members with long methylene chains. When it was 
shown (Jancsd and Jancsd, 22) that synthalin is a tr 3 TJanocide, further work 
(Lourie and Yorke, 23, 24; King, Lourie and Yorke, 25; Ashley el al., 26) led 
on to the discovery of “propamidine” (4:4' diamidino 1:3 diphenoxy propane) 
and similar compounds now used for the treatment of several kinds of protozoal 
infection. Many of the amidine derivatives examined by King, Lourie and 
Yorke were found to be powerful inhibitors of the Pasteur effect (Dickens, 2*7), 
while their antibacterial actions have been compared more recently by Fuller 
(28). Both of these workers have described analogies in the effects of cor- 
responding guanidines, amidines and tso-thioureas. A possible relationship 
between iso-ureas and guanidines in their effects upon muscle tonus was sug- 
gested by Basterfield (29), w’ho examined the central actions of a number of 
tso-iu-ea derivatives. 

The diversity of effects exhibited in various combinations by amidine deriva- 
tives of different types is noteworthy. Thus, according to their structure, they 
may have well defined actions on the blood pressure, the pulse, the blood sugar 
level and other metabolic functions, nervous irritability, muscle tonus, the 
sensitivity to adrenaline (and, in some cases at least, to potassium, calcium and 
acetylcholine) and the permeability of blood vessels. With the lower amidines 
and amidine derivatives of the types reported on in this paper the qualitative 
resemblance, pharmacologically, between corresponding iso-thioureas, iso-' 
ureas, guanidines and amidines is close but even among higher amidines and 
amidine derivatives it often happens that similarly constituted compounds, 
whether guanidines, fso-thioureas or amidines, resemble each other. Super- 
ficially at least, the compounds of lower molecular weight usually differ from 
those of higher molecular weight. It is difficult to escape the conclusion, how- 
ever, that many amidines and amidine derivatives modify the activity of many 
tissues and there should be a good expectation of finding related compounds 
with interesting and potentially useful properties. 

While it cannot be stated definitely that the pharmacological activity of this 
group depends upon some particular chemical configuration, evidence has been 
collected which suggests that pressor and other characteristic properties are 
■widely distributed amongst low'er amidine ( — C(:NH)NH5) deri'vatives and are 
likely to be found in ones which have not yet been investigated. Moreover it 
would appear from the literature that a pharmacological resemblance between 
similarly constituted tso-thioureas, guanidines and amidines is not infrequent 
among compounds of a higher molecular weight than the substances we ha-ve 
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described in tbds paper, Fiuriher obseivations on this aspect of the v o k 
be published at a later date. 

SU.MMABY 

1. Attention is drawn to the lower members of four series of ^ 

tives— !so-thioureas, guanidines, fso-ureas and the aimdines e „i,pni;cnl 

provide close analogies in their pharmacological as vel as in 

^J^present report deals especially with the circulatory 
ofS-methyliso-thiourea, S-ethyl tso-thiourea, 

a«.-dimethylguanidine, ben 2 ylguanidine, 0-methyl ’ 

acetamidine, propionamidine and n-butyramidine, vhic er 

nature of the substituent attached to the amidine group. +;_.j Jr,„o 

3. .411 the above substances raise the blood pres^re 

produce vasoconstriction in perfused pithed^ rat hind-qua rs eve .. i ^ 
ment irith ergotoxine, and contract atropinized gut, they appear 

smooth muscle directly. . nf 

4. With few exceptions the above substances enhance e pre 

adrenaline in dogs and, imder the experimental conditions re , , . 

text, aU substances either increase or dimmish the f 

blood vessels to injections of adrenaline. Such °° pmnloved sen- 

adrenaline are therefore located peripherally. In t e oses hut one 

sitization of rat blood vessels to adrenaUne is the more usual effect butone 
substance, benzylguanidine, reduces the sensitivity. 

» .to do* bto tto »os. 

.to. tto» dorivafivo. .od ^ 

ular weight, which are closely related chemically, form a well-dehn d 
pharmacological group. 

We are indebted to the Medical Research Council of New Mnd for a 
Grant and to the Editors of the Journal for elimmatmg an ambigm y. 
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Beniyl-imidazoline hydrochloride (Priscol hydrochloride-Ciba) has been used 
to some extent in Europe as a vasodilator to treat various peripheral circulatory 
diseases (1, 2). Chemically it is related to both the sympathomimetic amines 
and histamine. Priscol can be regarded as a derivative of phenylethylamine in 
■nhich the amine portion has been cyclized with another ethylamine group or as 
a derivative of histamine through the imidazole portion of the molecule. These 
chemical relationships are shown in the following structural formulae. 
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The pharmacological relationships of Priscol have not been definitely estab- 
^hed. Hartmann and Isler (3) found that Priscol lowered the blood pressure 
m dogs; the minimal effective dose being about 0.01 mgm. per kgm. These 
authors also found that it produced capillary dilation in the conjunctiva of 
dogs, stimulated the isolated rabbit ileum and slowed the intact frog heart. 
They concluded that Priscol showed many similarities to histamine. Hermann 
and associates (4) found that Priscol in doses of 1 to 2 mgm. per kgm. completely 
prevented the pressor effects of stimulation of the peripheral parts of the splanch- 
nic nerve in dogs. Chess and Yonkman (5, 6) observed in cats that Priscol 
lowered the blood pressure, reversed the epinephrine pressor response, diminished 
or abolished epinephrine induced salivation but did not prevent epinephrine 
mydriasis. These effects indicate a differential adrenolytic and sympatholj'tic 
action on different organs. Bertazzi and DeGennaro (7) and Yonkman et al. 
(8) reported that atropine and related substances inhibited the gastro-intestinal 
stimulant action of Priscol. However, acetylcholine-like action upon the 
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cardiovascular system was found to be absent or insignificant since atropine did 
not prevent Priscol vasodilation in the perfused rabbit ear (9). 

Since Priscol has potential therapeutic value as a vasodilator and sympatho- 
lytic agent this investigation was undertaken to study more completely its 
actions on the cardiovascular system and on the uterine and intestinal muscula- 
ture. The experiments were done for the most part on laboratory animals, 
however, a few observations on humans are also included. In addition, the 
influence of Priscol on the actions of epinephrine and many other sympathomi- 
metic amines has been determined. 

Methods. Cardiovascular. A few experiments were performed on perfused hearts from 
dogs, cats and rabbits. However, most of the investigations were on the intact cardio- 
vascular system since results obtained from isolated, perfused tissues do not necessarily 
represent the action of the drug on the intact organism. Blood pressure was recorded by 
either a mercury manometer or an optical manometer (10) from the earotid or femoral ar- 
tery. In some of the animals pressure pulse contours were recorded optically from the arch 
of the aorj,a by means of a metal sound introduced through the carotid artery. Blood flow 
was measured in various vascular beds of many of the dogs by inserting a Soskin “bubble” 
flowmeter (11) or a Gregg-Shipley rotameter (12) into the appropriate artery. Heparin was 
used as the anticoagulant in thea.e animals. The anesthetie used varied from animal to 
animal. The dogs received morphine sulfate (S to 10 mgm. per kgm.) followed by ether or 
sodium pentobarbital sufficient to maintain light anesthesia. The rabbits usually received 
only morphine but in a few experiments sodium pentobarbital was also given. Procaine 
infiltration was used to expose the femoral artery of the cats which were otherwise unanes- 
thesized. 

Intestine and uterus. For the isolated tissue studies, strips of ileum obtained from rab- 
bits white rats, guinea pigs, dogs and cats, and either strips of uterus or entire uterine horns 
from virgin cats, rats and rabbits were suspended in a bath of Locke-Ringer’s solution and 
the activity recorded in the usual manner. The activity of the rabbit’s intestinal tract was 
observed fluoroscopically in unanesthetized animals given barium sulfate. In some of the 
dogs the activity of the ileum and nonpregnant uterus was recorded by means of a balloon 
and optical manometer system. These animals, being trained, w-ere unanesthetized and the 
balloon was inserted into the uterus through the vagina or into the ileum through an ileos- 
tomy opening. In etherized dogs the activity of the stomach or small intestine or the preg- 
nant uterus was recorded by a simple string and lever sj'stem through a laparotomy opening. 

General. In the studies on the sympathomimetic anti-pressor action of Priscol adequate 
time was allowed between injections of the test amines to prevent the development of tachy- 
phylaxis. The control responses to the long-acting amines such as ephedrine were obtained 
twenty four hours before the administration of the Priscol. With the shorter-acting drugs 
such as epinephrine or neosynephrine thirty minutes were usually allowed between recovery 
(return of blood pressure to the pre-injection level) and the next injection. 

All of the compounds studied were used in the form of their water soluble salts, and all 
were injected intravenously unless otherwise stated. All doses are stated on a mgm. per 
kgm. basis e.xcept for the perfused heart and the human studies where they are given as total 
dose. For the isolated tissue studies the concentrations given represent the final concentra- 
tion of the drug in the muscle bath. 

Results and discussion. Cardiovascular otclion. The effect of intravenous 
administration of Priscol on the arterial blood pressure of dogs and cats was 
found to be variable. In most cats a sustained fall in pressure occurred ivith 
any effective dose (1 to 50 mgm.). In dogs, however, a marked pressor response 
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commonly appeared. Out of a group of twenty dogs receiving 1 to 10 mgm. of 
Priscol, eight showed a sustained depressor response, three showed no obvious 
change in mean arterial pressure, and nine exhibited a pressor response. This 
pressor response usually occurred with the larger doses and persisted from one 
minute to three hours. It was apparently not influenced by the kind of anes- 
thesia employed, the rate of injection or the concentration of the Priscol solution 
used. In some animals in which the pressor phase was short in duration a 
sustained depressor phase followed. Since Priscol has been previously described 
as only a depressor substance, investigations were conducted to elucidate this 
above described pressor action. 

Ibis pressor action in dogs could conceivably arise from 1) sufficient vaso- 
constriction in some areas to more than counterbalance vasodilation in others, 
2) increased blood viscosity or blood volume, and/or 3) increased cardiac output. 

Vasoconstriction does not accoimt for the pressor action as shown by direct 
measurements of the blood flow in various representative vascular beds and as 
shown by analysis of aortic pressure pulse contours. Blood flow was measured 
m the entire hind leg, the hind leg from which the skin had been removed, the 
mesentery, the kidney and the uterus (both pregnant and nonpregnant) of dogs. 
Priscol was administered both intra-arterially and intra-venously in doses 
ranging from 0.01 to 10 mgm. With the arterial administration of Priscol an 
mcreased blood flow not due to an increased arterial pressure was produced by 
effective dose in all of the vascular beds studied. Some of "these results are 
^ustrated in fig. 1 . On intravenous administration there was an initial decrease 
m flow if the arterial pressure fell. However, as soon as the Priscol had passed 
through the flowmeter and reached the vascular bed under investigation the 
blood flow then always increased. In those animals in which Priscol produced 
^ pressor response there was an initial passive increase in blood flow due to the 
elevated pressme. As soon as the Priscol had passed through the flowmeter 
there w^as an additional increase in flow which was not due to the rise in arterial 
pressure. Indirect evidence that Priscol produced vasodilation in the skin was 
horded by the fact that reddening of the skin occurred in all of the animals 
receiving Priscol. Evidence of vasoconstriction was not observed in anj^ dog 
m any of the vascular beds studied. 

Evidence of vasoconstriction could not be obtained from aortic pressure 
pulse contours. Analysis of these contours showed that the over-all effect of 
Priscol in dogs was peripheral vasodilation. At any given pressure an increase 
in the rate of descent of the die-away curve (diastolic slope) of the arterial pres- 
sure pulse indicates a reduction in the peripheral resistance or an increase in the 
“Volume Elasticity Coefficient” (13). As shown in the low-er part of fig. 2, 
Priscol increases the rate of diastolic pressure descent at any given pressure. 
Therefore, Priscol must either reduce the peripheral resistance or modify the 
“Volume Elasticity Coefficient”. The latter can be accomplished acutely 
only by increasing the tone of the smooth muscles of arteries, which in turn will 
produce a fundamental change in the tj'pe of diastolic slope (14). Since Priscol 
does not produce any fundamental change in the tj'pe of diastolic slope, see 
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fig. 2, the change in rate of pressure descent described above can be explained 
in only one way, namely, a reduction in peripheral resistance. This reduction 
in peripheral resistance produced by Priscol could arise from either peripheral 
vasodilation or from a reduction in blood viscosity. A reduction in blood 
viscosity is apparently not the cause of the decreased resistance because of the 
rapidity of the response and the small dose of drug employed. Certainly any 
reduction in blood viscosity if it did occur could not explain the pressor action 
of Priscol. 

Changes in the standing waves of the aortic pressure pulse contour also serve 



t PRISCOL I.A. BLOOD FLOW CC/miN. -ART. PRESSURE 

Fio. 1. The Action OF Priscol ON Blood Flov 
Priscol, 1 jngm., was administered intra-arterially at each arrow. Active vasodilation 
as shown by the increased blood flow not due to increased arterial pressure occurs in all of 
the vascular beds. Note the variation in the degree of vasodilation; the leg and kidney 
shon-ing the greatest and the mesentery and head the least. These flow studies with intra- 
arterial injections prove that the vasodilating action of Priscol is peripheral and not central. 
Vasoconstriction has not been observed in any dog with any dose used. 

as critical evidence of vasodilation or vasoconstriction. It has been shown that 
a reduction in the amplitude and frequency of the standing waves on the diastolic 
slope of the aortic pressure pulse occurs tvith vasodilation (15). As shown 
in fig. 2, Priscol reduces the amplitude and frequency of the standing waves 
even though it raises the blood pressure. -On the other hand, drugs, such as 
epinephrine, which raise the arterial pressure by vasoconstriction increase the 
amplitude and frequency of the standing waves. The changes in the aortic 
standing waves produced by Priscol prove that its over-all action is vasodilation. 

The above data, that, irrespective of the type of blood pressure response 
produced by Priscol, the aortic pressure pulse contours show; 1) a reduction in 
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the amplitude and frequency of the standing waves, 2) a more rapid rate of 
diastolic pressure descent at an}' given pressure, and 3) no significant change in 
the fundamental type of diastolic slope constitute proof that Priscol reduces 
the total peripheral resistance in dogs by vasodilation. 

Increased blood volume or viscomty are apparently not the cause of the Priscol 
preaior action because of the rapidit 3 ’' of the response and the small doses of 


CONTROL EPI. CONTROL PRISCOL 




Fig. 2. Analysis of Aortic Pressure Pulse Contours in the Doc 
Upper: A comparison of aortic pressure pulse contours produced by epinephrine and 
Pnscol in the atropinized dog. The sj'stolic and diastolic pressures and heart rate are 
given under each set of contours. Note the entirely different type of contours obtained 
during the pressor phase of these two drugs. Reflected (standing) waves which are aug- 
mented by vasoconstriction are present on the diastolic slopes of the control contours and 
are augmented on the iastolic slope of the epinephrine contour. They are absent, however, 
on the Priscol contour indicating a lengthening of the vibrating column of blood (vasodila- 
tion). These contours, being recorded from the arch of the aorta, are central in tjTie and 
therefore represent changes in the entire peripheral vascular system. 

_ Lower: A reconstruction of aortic pressure pulses obtained before and after Priscol. 
^'ote the absence of standing waves in the Priscol contour (see above) and the more rapid 
rate of diastolic pressure fml in this contour. At the right is a replot of the diastolic 
pressure fall of the two contours shom'ng the rate of pressure descent at each different 
arterial pressure level. The control record has been corrected for the presence of the 
standing waves. The increMC in the rate of pressure descent produced by Priscol is 
indicative of peripheral vasodilation. 


drug employed. The volume of fluid injected was alwaj’s less than 10 cc. except 
in two experiments in which the dose of Priscol was dissolved in 200 cc. of saline 
and injected slowlj' over a period of two hours. In one of these latter e-xperi- 
ments the Priscol produced a slight pressor response and in the other a sustained 
depressor response. 

Since only peripheral vasodilation has been found in dogs, even in those 
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shoiving a pressor response, the only possible explanation for the Priscol pressor 
action is that Priscol increases the cardiac output. Cardiac output measure- 
ments, both by the dye injection method and the analysis of aortic pressure 
pulse contours (16) performed by Drs. J. W. Remington and W. F. Hamilton 
have shovm that 10 mgm. of Priscol frequently more than doubles the cardiac 
output. 

The mechanism of the increased cardiac output was investigated by determin- 
ing the effect of Priscol on the perfused heart. Coronary flow and the amplitude 
and rate of contraction were increased in both dog and cat hearts. One mgm. 
(total) of Priscol was about the optimum quantity which produced a response. 
(The drugs were injected into the inflow to the hearts and in these hearts 1 
gamma of epinephrine produced a submaximal response when injected by this 
route.) Priscol also acted synergistically with epinephrine. A subminimal 
dose of epinephrine when perfused simultaneously with Priscol produced more 
marked myocardial stimulation and increased coronary flow than the Priscol 
alone. The response to a submaximal dose of epinephrine was prolonged and 
increased by Priscol. The increased cardiac output is a direct sympathomimetic 
effect of Priscol although increased venous return is a factor in the intact dog. 

The blood pressure changes produced by Priscol in the dog and cat represent 
the algebraic summation of its two diverse effects, namely, 1) increased cardiac 
output which tends to raise the arterial pressure and 2) peripheral vasodilation 
which tends to lower the pressure. In most cats and some dogs the two opposing 
effects result in a depressor response. However, in many dogs and a few cats 
the resultant effect is a pressor response. 

The action of Priscol on the cardiovascular system of the rabbit was found 
to be even more complex than in the dog or cat. The arterial pressure of the 
rabbit was usually elevated by Priscol though a primary bradycardia of 10 to 20 
seconds duration produced a transient depressor phase. This initial cardiac 
slowing could be due to an acetylcholine-like action since it was completely 
prevented by atropine. Analysis of the aortic pressure pulses showed that the 
pressor action of Priscol in rabbits was due to peripheral vasoconstriction. This 
vasoconstriction could be histamine-like in character since the degree of pressor 
effect of Priscol and histamine seemed to be similar in the same rabbit. Rabbits 
in which histamine was veiy potent as a pressor agent showed a marked pressor 
response to Priscol. Animals in which histamine was less active also showed a 
leker pressor response to Priscol. Large doses (10 to 50 mgm.) of Priscol oc- 
casionally produced a transient depressor effect even in atropinized rabbits. 
Cardiac sloiving did not occur in these instances but the cardiac contractions 
were markedly weakened, see fig. 3. This cardiac depression was prevented 
by the prior administration of ephedrine. 

The action of Priscol was investigated on seven perfused rabbit hearts. The 
results obtained were just the reverse of those observed in the dog or cat heart. 
The amplitude and rate of contraction and the coronary flow were all diminished. 
These effects were partially prevented by atropine and completely prevented 
by ephedrine or epinephrine. In the rabbit heart, as in the dog or cat heart. 
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Priscol acted synergistically with epinephrine. In the presence of Priscol 
epinephrine was more active and in the presence of traces of epinephrine Priscol 
produced myocardial stimulation and coronary dilation. 


. -^ 7 :■ , — |«F 

^ , , • ■ ■ • 

n. . ' A. ; 



Pig. 3. The Action OF Priscol ON THE Artebiau Pressure OF THE Rabbit 

in« recorded optically from the femoral artery. Time intervals fgr ‘he slow r^ord- 
f®e , for the fast recordings 1 sec Upper: The action of Pnscol, 2 5 mgm 
“P”. before and after Xopine. ^ Fast 

S “P” sections of the top slow recording Note the transient depresso 

Tho ‘ '^b'eh IS due mainly to cardiac slowing since it is prevented by the atropine Uo 
The action of a larger dose of Priscol in the atropiniaed rabbit. Fast recordings to ^e 
P°'’d to the marked sections of the slow recording to the left. Pnscol, 10 n^m . 
injected at mark “P”. The reduction of arterial pressure is shown to be due to weaK 
contractions and the reduced pulse pressure to be due to decreased cardiac outpu 
her than cardiac acceleration 



Fig 4. The Action OF Priscol IN THE Aoult Normal Human 

Male, 90 kgm., Priscol, 37 5 mgm , administered orally Note ‘he merease in pu se 
pressure associated with the increased heart rate The subjective effects noted were a 
feeling of fullness in the head and a sensation of body warmth. Jbe®e effects were at peak 
intensity at the * according to the subject At this time the anbje p 

felt like “the top of his head was coming off” each time the pressure cuff on the arm 

inflated. 


The few humans tested showed a variable cardiovascular response to Priscol. 
With 25 to 50 mgm. of Priscol given orally the heart rate was unchanged or 
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increased, the pulse pressure always increased and thesubjects usually experienced 
a feeling of cutaneous warmth. TOiile both pressor and depressor responses 
have been obsen’’ed the arterial pressure changes have never exceeded 20 mm. 
Hg, vath the dosage emplo}'ed. Fig. 4 illustrates the effect of Priscol in a male 
subject. These data suggest that humans may show a double response to 
Priscol as was observed in the dog, namely, peripheral vasodilation and increased 
cardiac output. 

Gastro-inteslinal and vicrine muscular effects. The isolated ileum was both 

' . RABBIT ILEUM ' ' 



PRISCOL 1:20.000 PRISCOL '=20,000 


RABBIT UTERUS 
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Fig. 5. The Action of Priscol on the Isolated Rabbit Ilec.m and Uterus 
Ileum: These tracings illustrate the extremes of action obtained with Prisral on the 
ileum. Uterus. The rabbit uterus was always stimulated by Priscol and atropine 
diminished but did not prevent this action. Time marks at 30 sec. intervals. 

inhibited and stimulated by Priscol; the minimal effective concentration being 
about 1 ; 100,000 in any of the various animals. The inhibitorj^ phase appeared 
first being followed within 30 seconds by the stimulant phase. In some of the 
animals, as illustrated in fig. 5, no stimulant action was apparent. In order to 
characterize these actions a number of different procedures were tried. Priscol 
enhanced the stimulant action of barium chloride, acetylcholine and Pitre.ssm. 
Atropine in concentrations up to 1 : 50,000 has no effect on the inhibitory action 
of Priscol and only slightly diminished the stimulant action. Though the 
action of Priscol may be partially acetylcholine-like on smooth muscles of the 
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intestines, it could be mainlj^ histaminic in nature since in the histamine sensitive 
ileum (guinea pig) atropine inhibited Priscol and histamine stimulation to a 
similar extent. Priscol also augmented the action of histamine on the isolated 
ileum when applied either before or after the histamine. When Priscol was 
applied after histamine the characteristic initial depressant phase also appeared 
but this was followed by an augmentation of the histamine spasm. 

The action of Priscol (1 to 10 mgm.) on the intact gut was also diphasic, 
however here the primar}^ action was stimulation which was followed by inhibi- 
tion. During the inhibitory phase further administration of Priscol did not 
produce stimulation. The stimulation appeared to be more intense following 
intravenous administration than after subcutaneous injection. In contrast to 
the results on isolated ileum and in agreement wth the findings of others (7, 8) 
we found that this stimulant action of Priscol was prevented by atropine. In 
the intact animal therefore, Priscol apparently has some acetylcholine-like 
action on the gastro-intestinal tract. Apparently this stimulation is not central 
or ganglionic since nicotine in amounts sufficient to prevent the cardio-depressor 
action of the vagus did not prevent the Priscol stimulation of the gut. This 
stimulant action of Priscol also resembles in some respects the action of ergot- 
amine as described by Salant and Parkins (17). These authors found that 
ergotamine stimulated the intact ileum and that this stimulation occurred only 
nith the initial dose and that it was prevented by the prior administration of 
atropine. 

The isolated uterus of the virgin cat and rabbit was always stimulated and 
never inhibited by Priscol, the minimal effective concentration being about 
1:200,000 in the rabbit and 1:20,000 in the cat. This stimulation was only 
partially prevented by atropine, see fig. 5. As in the isolated ileum the stimulant 
action of acetylcholine, histamine and Pitressin on the uterus was augmented 
by Priscol. The uterus of the white rat which was inhibited by histamine was 
not influenced by Priscol even in concentrations as high as 1:2,000. Both 
histamine and Priscol however, increased the stimulant action of Pitressin in 
this uterus. The intact uterus of the dog and rabbit, either pregnant or non- 
pregnant, was mildly stimulated by Priscol. Atropine in doses up to 1 mgm. 
had no effect on this stimulation. As with the isolated uterus no depressant 
action of Priscol was seen vdth the intact uterus. In pregnant humans (eight 
months) Priscol in doses of 25 mgm. by mouth caused only slight uterine stimu- 
lation in one of two patients tested. In two dysmenorrheal patients Priscol in 
doses of 25 mgm. aggravated the uterine and gastro-intestinal distress. 

Adrenolytic action. Priscol in suitable dosages completely blocked the pressor 
action of epinephrine. In dogs 10 mgm. blocked the pressor effect of 0.01 mgm. 
of epinephrine. It was more active in this respect in cats (about 10 times) and 
less active (about J) in rabbits. Epinephrine “reversal” occurred in those 
dogs which normally showed a secondary depressor response to the control dose 
of epinephrine, see fig. G. Fig. 10 illustrates the type of dog in which epi- 
nephrine “reversal” did not usually occur. No “reversal” was seen in rabbits 
hut it invariably occurred in cats. 

Priscol did not show any clear eridence of an adrenolytic action on the isolated 



280 


B. P. AHLQUIST, R. A. HUGGINS AND B. A. WOODBURY 


heart. As described earlier Priscol and epinephrine were synergists on this struc- 
ture. However, in one cat heart in which the control dose of epinephrine di- 
minished the coronarj’’ flow this same dose with or followng Priscol produced 
very active coronary dilation. 

Priscol in effective concentration (1:50,000 to 1:2,000) selectivelj' blocked 
the excitatory action of epinephrine on the isolated rabbit uterus. As shown in 
fig. 7 Priscol applied during an epinephrine induced contraction produced re- 
laxation and epinephrine applied after Priscol did not contract the uterus until 
after several washings. When epinephrine was applied during a Priscol induced 
contraction, relaxation took place, see fig. 4. Lower concentrations of Priscol 



Fio. 6. The ADRENOLYnc Action op Priscol 
A: Dog, female, 7 kgm., morphine and ether anesthesia. Thirty minutes of the tracing 
have been deleted at the break. Arrows at the bottom signal injections of epinephrine. 
One minute after the Priscol injection the second dose of epinephrine was given. Note 
that the Priscol produced a transient pressor action and that epinephrine after Priscol 
produced a depressor response similar to the secondary fall produced by the control dose of 
epinephrine. B: Dog, female, pregnant, 11 kgm., morphine and ether anesthesia. Thirty 
minutes of the record have been deleted at the break. Two minutes after the Priscol the 
second dose of epinephrine was given. Note that in this animal Priscol produced only a 
depressor response. 


merely diminished the epinephrine stimulant action. Epinephrine relaxation 
of the virgin cat’s uterus was not prevented by any concentration of Priscol. 

The intact uterus of the pregnant dog, which is normally' contracted by epi- 
nephrine (0.005 mgm.), gave responses similar to those of the isolated rabbit 
uterus. Epinephrine administered following 10 mgm. of Priscol produced 
relaxation if the uterus was contracted and had no effect on the uterus if this 
was in a state of relaxation. When Priscol was given during an epinephrine 
induced spasm, relaxation occurred. Priscol, therefore, effectively blocks the 
excitatory action of epinephrine on the uterus thereby allowing the inhibitory 
action of epinephrine to appear. These results further confirm the fact that 
epinephrine has a dual action on all uteri (181. It may contract or relax this 
organ depending upon various factors including the epinephrine concentration 
at the site of action, the state of the uterus (pregnant or non-pregnant) and the 
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animal studied. Yet, irrespective of its observable effect, both actions are 
present though one or the other may be masked. 

Priscol did not block the inhibitory action of epinephrine on the isolated 
ileum of the dog, cat or rat. The epinephrine inhibition of the isolated guinea 
pig ileum was somewhat prevented by Priscol but to no greater extent than by 
histamine. Only on the isolated ileum of the rabbit was any evidence obtained 
that Priscol could block epinephrine inhibition. In some animals and on some 
segments of ileum Priscol diminished the epinephrine inhibition, see fig. 8. 
Since this effect was so variable and because a similar effect could be produced 
by ephedrine or neosynephrine, we believe that Priscol even in the ileum of the 
rabbit does not selectively block the epinephrine inhibitor 3 ’^ action. 

Sympathomimetic anti-pressor action} This part of the investigation was 
carried out entirely on dogs. Priscol in suitable dosage completely blocked the 



I 

I 

IBB 


in''VlE|A 1 D id 

J— i — t 1 » I 1 t 1 t t i-i -L 1- -t- 

E^EPi; CIO, 000/300 • P::PRIS, 1:50,000 


B B 

iP B 

■ 1-1 . 1 . K } 


i 

t 



19 a Q 


I I ' 1 1 1 1 1 ' 


TOP-ATROP. laOO.OOO ' W = WASH 


E = EPI. l.-IO.OOOjOOO P = PRIS. 1:200.000, 


Fig. 7. The Action of Priscol and Epinephrine on the Isolated Rabbit Uterus 
Time marks at 30 sec. intervals. Left- The loiver tracing is a direct continuation of the 
upper. Priscol (P) applied during an epinephrine (E) induced contraction relaxes the 
uterus. Epinephrine after Priscol does not contract the uterus until after several washings 
fW). Right; Priscol in lower concentration contracts the uterus but only diminishes the 
epinephrine stimulation. Atropine did not prevent any of these effects. 


pressor action of all of the sympathomimetic amines available for stud 3 '. Table 
1 shows the relationship of the blocking action of Priscol to the pressor activity 
of the compounds studied. It appears that a given dose of Priscol will block a 
certain degree of pressor action and therefore the dose of any amine that can 
be blocked by Priscol is in direct ratio to the amine’s epinephrine ratio. 

After Priscol the action of the pressor amines varied with the compound used, 
see fig. 9. The amines which have little or no depressor activity (ephedrine, 
neosynephrine, sj'mpatol, privine, amphetamine, propadrine, paredrine and 
vonedrine) had no effect on the blood pressure after a blocking dose of Priscol. 
Those pressor amines which have some depressor activity (epinephrine, tyramine 

' A portion of this section has been presented to the .American Society for Pharmacology 
and Experimental Therapeutics, .Atlantic City, 194C. See Fed. Proc., 6: 161, 1946. 
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and 2-methylamineheptane) lost their pressor action and showed only their 
depressor effects. 

The sympathomimetic amines -which are primarily depressor compounds act 
in a similar manner. Ethyl norsuprarenin (Butanephrine), a depressor amine 
which occasionallj' gives a marked pressor action (see fig. 9) and which develops 
a pressor action on repeated administration (22) lost its pressor action after 



I — t^-i — f — I — I — I — I — I — 14-1 — I — L _i L^j lilt 1 I t r I 

I E PI. PRI 5.-1:5,000 EPI. EPI.’ T PRIS. EPI. 

11:5000,000 1:5.000.000 • 1:10,000000 1:20,000 tIO.OOO.OOO 


I 

I 


ii • 


■ ik 


I L.^-1 ] I I : I 

PRIS EPI.- (-20,000,000 '■ 
t20,0C0 



: — : — u— J ^ — I — : : 1 

EPI. PRIS-MO,C00 


i* 

J ^_J -L 

I EPI. ■ EPM. LPl. 

I 1:20,000,000 1:5,000 1:20,000,000 


• , ti ' 

1 1 L J U,„l * I — 

EPI. NEO. EPI. 
I:20WIL ■ |:|WIL 1:20 ML 


Fig. 8 The Action or Priscol and Epinephrine on the Isolated Rabbit Ileum 
Time marks at 30 sec. intervals. Priscol may prevent or just reduce the epinephrine 
inhibition of the ileum, see upper and center-left records. Priscol applied after epinephrine 
has only a stimulant action, see upper-left and center-right records. Ephedrine and 
neosynephrine although having different actions on the ileum can prevent epinephrine 
inhibition, see lower records. 


/ Priscol but retained its characteristic depressor effect even on repealed injeciions. 
Two other depressor amines, l-(p-hydroxyphenyl)-2-isopropylaminoethanol 
(j^277) and l-(3-4-dihydroxyphenyl)-2-isopropylaminoethanol (^1024), lost 
their slight preliminary pressor action and retained unchanged their character- 
istic depressor action. 

Priscol did not block the pressor response to Pitressin, renin or angiotonin 



PHAHiUCOLOGT OF PRISCOL 


283 


TABLE 1 

A comparison belween the epinephrine pressor ratio and the Priscol antipressor ratio of some 
of the sympathomimetic amines 


AiOSZ 

EPINXPHRTffE RATIO 

PRISCOL RATIO* 

Epinephrine hydrochloride 

1 

1.000 

(19) t 


Privine hydrochloride 

0.2 

(20) 


Neosynephrine hydrochloride 

0.02 

(19) 


Syrapatol hydrochloride 

0.01 -0.04 

(19) 


Tyramine hvdrochloride 

0.01 -0.05 

(19) 


Ephedrine sulfate 

0.005-0.01 

(19) 

2 

Propadrine hydrochloride 

0.003-0.01 

(19) 

2 

Amphetamine sulfate.' 

0.002-0.01 

(19) 

2 

Paredrine hydrobromide 

0.01 

(19) 

2 

Vonedrine hydrochloride 

0.01 

(21) 

2 

2-raethylamino heptane HCl (E.A-1) 

0.01 


2 


* The Priscol Ratio is the approximate ratio belween the dose of Priscol and the dose of 
amine that it will block. For example, lOmgm. of Priscol will completely block the pressor 
response to 0,01 mgm. of epinephrine, 
t Reference Number. 



Fig. 9. Sv.mp.i.thomimetic Axti-pressob Action' of PaiscoL 
Arlerial pressure in mm. of Hg and time as indicated on each record. These are rcplots 
from optical records shotving the action of six amines on the mean arterial pressure before 
and after Priscol. Two injections of 2-nicthyInmino-heptane are illustrated because the 
depressor effect of this amine does not become apparent unless repeated injections are 
made. Note the absence of pressor responses to these drugs after Priscol. 
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in dogs, or the histamine pressor response in rabbits. This indicates that the 
anti-pressor action of Priscol is selective for the S 5 Tnpathomimetic amines. 

The relationship between Priscol and ephedrine is of great interest. Priscol 
usually lowered the blood pressure in cats and dogs in the presence of ephedrine. 
In some cases Priscol appeared to be a better depressor substance vhen ephedrine 
was present. This could be e.\plained on a basis of “crossed tachyphylaxis” 
in that the presence of ephedrine diminished the cardiac stimulating (pressor) 
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Fig 10 Anti-adrenolytic Action or Ephedrine 
Blood pressure recorded from the femoral artery of a dog Time marks at 10 sec inter- 
vals The three epinephrine injections (see 1st, 3rd, and 5th records), were given 30 minutes 
before and 2 and 17 minutes after the Priscol The ephedrine was administered 5 minutes 
before the last epinephrine injection Note that ephedrine caused the pressor response of 
epinephrine to reappear In a control expenment in the same dog four days previous it 
was found that the epinephnne pressor response did not start to reappear until at least 60 
minutes after this same dose of Priscol 


action of Priscol. Likewise the Priscol diminished the cardiac stimulating 
action of ephedrine which would account in part for the ephedrine anti-pressor 
action of Priscol. 

Ephedrine also caused the pressor action of epinephrine to reappear after 
this had been blocked by Priscol. A dose of ephedrine equal mgm. for mgm. 
with the dose of Priscol will restore 30 to 50 per cent of the epinephrine pressor 
action, see fig. 10. This action of ephedrine appeared to be more or less selective 
for epinephrine and was not shared to any great extent by any of the other amines 
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tested. Three possible mechanisms could be offered to explain this action: 1) 
resensitization of the pressor receptors by ephedrine, 2) blocking of the epineph- 
rine depressor mechanism, or 3) protection of the epinephrine from enzymatic 
destruction thereby increasing and prolonging its action. After Priscol had 
brought about epinephrine “reversal” a pressor effect could be elicited by in- 
creasing the dose of epinephrine ten to one hundredfold but this was followed 
by a very marked depressor phase. When the epinephrine pressor response was 
restored by ephedrine the depressor phase was absent. These observations 
are against ephedrine merely protecting the epinephrine. 

SUMMARY 

The pharmacodynamic relationships of Priscol are very complex. In some 
of its actions Priscol resembles the sympathomimetic agents, in others it re- 
sembles histamine or acetylcholine, and in still others Priscol resembles the 
sympatholytic substances such as ergotamine or ergotoxine. Each of Priscol’s 
diverse effects will be considered individually. 

1. Peripheral vasodilation. Priscol produces general vasodilation and in- 
creased venous return in dogs and cats (and probably humans). This dilation 
is not preYented by atropine or by sympathomimetic agents and therefore is 
probably not due to acetylcholine-like or histamine-like action. This periph- 
eral vasodilating effect of Priscol appears to be a sympathomimetic effect in 
a manner similar to other sympathomimetic substances including 3-4-dioxyephe- 
drin'e and ethyl epinephrine (23), ethyl-norsuprarenin (22) and l-(p-hydroxy- 
phenyl)-2-isopropylamino ethanol (24). (Another indication of the essential 
sympathomimetic nature of Priscol is the fact that certain chemical modifications 
of the Priscol type structure produce very active sympathomimetic pressor 
agents such as Privine (3, 20, 25).) 

2. Cardiac stimulation. Priscol stimulates the intact or isolated heart of 
dogs and cats. We have shown that this cardiac stimulation is capable of 
producing a pressor response in many dogs by increasing the cardiac output; 
the increase in cardiac output being suflicient to increase the arterial pressure 
even in the face of general peripheral vasodilation. This cardiac effect of 
Priscol is probably sympathomimetic in nature and appears to be due both 
to a direct myocardial effect and to active coronary' dilation. 

3. Pressor action in rabbits. The arterial pressure of rabbits is usually in- 
creased by Priscol. This action is apparently histaminic in nature since there 
is a correlation between the intensity of the histamine pressor action and the 
Priscol pressor action in the same animal. Pulse contours show that Priscol 
(and histamine) increases the total peripheral resistance in rabbits. In dogs and 
cats the total peripheral resistance is diminished. 

4. Cardiac depression in rabbits. On the isolated or intact rabbit heart, 
Priscol produces two different ty-pes of transient depression. One is acetylcho- 
linc-likc in nature since it is prevented by' atropine. The other occurs only 
with large doses and is apparently histaminic since it occurs in the presence of 
atropine but i.s prevented by epinephrine or ephedrine. 
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5. Gastro-intestinal action. The principle action of Priscol on the gastro- 
intestinal musculature is stimulation. In the intact animal the stimulation 
is prevented by atropine but on the isolated gut atropine does not prevent the 
stimulation. The stimulant action of Priscol on the isolated gut appears to 
be histaminic in nature since the histamine sensitive ileum (guinea pig) is also 
more sensitive to Priscol. Priscol also produces some inhibition of the gastro- 
intestinal musculature. This inhibition precedes the stimulation phase in the 
isolated gut and follows the stimulant phase in the intact animal. With some 
segments of isolated ileum only inhibition is noted. During the inhibitory 
phase in the intact animal, especially following large doses of Priscol, the gut 
appears to be resistant to further Priscol stimulation. This inhibitory action 
of Priscol could be sympathomimetic in nature. 

6. Stimulation of the uterus. Priscol stimulates the intact uterus (pregnant 
or non-pregnant) of the dog and the isolated uteri of cats, rabbits and guinea 
pigs. Atropine does not prevent this stimulation. Although this action of 
Priscol resembles that of histamine in the intact animal the stimulation is much 
less marked. 

7. Sympatholytic action. Priscol effectively blocks the pressor action of 
epinephrine in experimental animals. This effect is produced by blocking the 
peripheral vasoconstrioting action of epinephrine since it has been shown that 
epinephrine following Priscol is an active vasodilator (26) and that Priscol 
does not prevent the cardiac stimulation produced by epinephrine. Priscol 
also blocks the excitant action of epinephrine on the uterus. This allows the 
uterine inhibitorj'- action of epinephrine to become apparent. 

The sympatholytic action of Priscol is similar to that of the ergot alkaloids, 
ergotoxine and ergotamine. However, in its cardiovascular effects Priscol is 
entirely dissimilar in action. The ergot alkaloids produce a pressor effect by 
-vasoconstriction. This usually results in a diminished cardiac output. Priscol, 
on the other hand, increases cardiac output and thereby produces a pressor 
effect in many dogs. 

8. Sympathomimetic anti-pressor action. Priscol' selectively blocks the 
pressor effects of the sympathomimetic amines. It has no effect on the pressor 
actions of Pitressin, angiotonin, renin or histamine. The amount of amine 
which is blocked by Priscol varies with the pressor potency of the amine. Only 
those amines which possess some masked depressor action (epinephrine and 
tyramine) show “reversal” after Priscol. The depressor amines lose whatever 
pressor action they may possess but retain their characteristic depressor 
action. 

Priscol has great value as a physiological and pharmacological tool. By 
blocking the vasoconstricting actions of sympathomimetic substances, their 
vasodilating effects are unmasked and therefore become apparent. In the 
past most of the studies on the correlation of chemical structure -with pharmaco- 
logical acti-vity of the sympathomimetics have been on comparative pressor 
activities. It is becoming more apparent that the sympathomimetic substances 
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are also potential vasodilators and that this action should also be considered in 
comparative studies. 

Because Priscol has so many different pharmacological actions it must be 
used with care therapeutically. When used as a vasodilator its side actions 
such as cardiac stimulation, gastro-intestinal and uterine stimulation should 
be kept in mind. Undesirable increase in blood pressure or gastro-intestinal 
distress may result. The effectiveness of Priscol as an adrenolytic agent in 
humans has not yet been demonstrated. 

CONCLUSIONS 

1. Benzyl imidiazoline (Priscol) acts primarily as a sympathomimetic agent. 
Its chief sympathomimetic effects are: 1) peripheral vasodilation, 2) cardiac 
stimulation, 3) coronary vasodilation, 4) increasing cardiac output, and 5) some 
inhibition of the gastro-intestinal musculature. The effect of Priscol on the 
arterial pressure of dogs and cats (and probably humans) represents the alge- 
braic summation of two opposing actions; peripheral vasodilation and increased 
cardiac output. In many dogs a pressor response results and in most cats a 
depressor response is produced. 

2. Priscol also possesses some histamine-like properties. These are: 1) 
coronary constriction in the rabbit, 2) increased arterial pressure in the rabbit, 
and 3) stimulation of the isolated gut and the isolated or intact uterus. These 
actions are not prevented by atropine. 

3. Priscol also produces some acetylcholine-like effects. These are: 1) cardiac 
slowing in rabbits, and 2) stimulation of the intact gastro-intestinal musculature. 
These effects are prevented by atropine. 

4. Priscol is also an effective sympathomimetic anti-pressor and adrenolytic 
agent. It selectively blocks the pressor action of these substances allowing 
any masked depressor action to become apparent. The depressor amines lose 
only what little pressor action they may possess and retain unchanged their 
characteristic depressor actions. Priscol also blocks the excitant action of 
epinephrine on the uterus thereby unmasking the uterine inhibitory action of 
epinephrine. 

This work was supported in part by a grant from Ciba Pharmaceutical Prod- 
ucts, Inc. The authors wish to thank the following for supplying the various 
drugs: Bilhuber-knoll Corp. (EA-1), Wm. S. Merrell Co. (Vonedrine), Lederle 
Laboratories (Heparin), Eli Lilly Co. (Renin and Angiotonin), Sharpe and 
Dohme (Propadrine), Smith, Kline and French (Paredrine), Frederick Steams 
and Co. (Neosynephrine, Sjunpatol, ?Sf277 and i5fl024), and Winthrop Chem. 
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FACTOES INFLUENCING THE TOXICITY OF SYMPATHOMIMETIC 
AMINES TO SOLITARY MICE 

M. E. A. CHANCE 

Research Division, Glaxo Laloralories, Lid., Greenford, Middlesex* 

Eeceived for publication May 13, 1946 

Reports on the toxicity of sympathomimetic amines contain several ob- 
servations on the variable toxicity of these drugs to small laboratory animals 
and to mice in particular. “According to Maire and Franschine the LDto 
of amphetamine is 280 mg /kg.; according to Chakravarti it is 155 mg /kg. and 
accordmg to Halpem it is 25 mg./kg.” (1). Other authors quote figures to show 
a similar though smaller variation in the toxicity of amphetamine and d-^esoxy- 
ephedrine to rats and rabbits 

It lias probable that this variable to.xicity i\as due to a complex set of factors. 
An mvestigation was, therefore, planned on this assumption. 

Routine toxicity determinations in these laboratories are earned out in boxes 
contaming ten mice at 80°F. Under these conditions mice treated with doses of 
amphetamine sulphate exhibited great excitement As the presence of other 
nuce IS, however, the most potent single factor influencing the toxicity, the 
effect of aggregation upon the toxicity of sympathomimetic amines has been made 
the subject of an earlier paper, (2), and only brief mention of the influence of one 
mouse on another \i ill be made here. The follow mg studies are, therefore, con- 
cerned entirely wth solitary mice. 

Three mam considerations have detenmned the scope of this investigation. 
First, the need to deterrmne the subcutaneous toxicity of ampheta min e sulphate 
accurately for our own purposes Since reports in the literature make it clear 
that the subcutaneous route has given the greatest variability m the hands of 
different workers, this mvestigation was restneted to that route Secondly, 
chemically related ammes mentioned in the literature have been included. As 
a result, the findings of w orkers m other laboratones have been explained, and 
certain interesting properties of these compounds have been brought to hght. 
Thirdly, the relative importance of the different factors have been quantitatively 
assessed only w here this might be expected to assist others to check our results, 
or w here such assessments by revealmg the relative importance of the different 
major factors, help an understanding of the mode of action of the drugs 

Methods The hj drochlondes of methedrine and ephedrine and the sulphate of am- 
phetamine have been used for this work All of these were dissolved in redistilled water 
and single injections were made wnth a number 14 “Record” needle into the subcutaneous 
space behind the head 

Comparisons were made in this way of the toxicities of the different substances under 
various conditions The substances were tested contemporaneous^ At least two re- 


* Present address — Department of Pharmacologj', Medical School, Umversity of Bir- 
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sponses were obtained on the dosage mortality curve close to the median response, with 
a minimum of ten mice at each dose level. The number of mice involved, therefore, in any 
comparison was at least forty, and in some instances as many as 120 mice were used in a 
single comparison. The regression co-efficient of probit percentage mortality on log dose 
and the LDjo were calculated by the method of least squares and the values were checked 
by plotting the equation to the line found by calculation. Sometimes it was considered 
desirable to use more animals. Weighted values were obtained for the probits whenever 
the distribution of the response was unsymmetrical about 5.0 or when 0% or 100% responses 
were included in the calculations. In calculating the values of LDio and of b (regression 
co-efficient), we have followed substantially the method of Bliss, (3). The values of s' 
and of s’b consequently represent the variances of a single observation and of the regression 
co-efficient respectively. They are the squares of the corresponding logarithmic standard 
errors. They are Included in the tables to enable others to calculate the significance of 
differences found, where these may be considered to reveal points of interest. The limits 
of error for any value of LDtj are found by multiplying s by the appropriate factor (e.g. 
1.96 for P = 0.95). In Table IX the values given under the column “Mean” have been 
got in the usual manner, by weighting the separate results with their variance reciprocals. 
In the column “Percentage Error,” we have, following the procedure advocated by Bliss, 


TABLE I 

Comparison of the toxicity of amphetamine sulphate to mate and female mice 
Mortality in groups of 10 mice isolated in transparent jars (room temperature 60 F.). 


DOSE 

"SWISS'* 

C77 

a2 



9 


9 

c? 

9 

ms.lkt. 







150 

0 

1 

6 

6 

2 

2 

180 

.2 

3 

— 

— 

— 
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(3) , calculating the limits of error from the value of s and the appropriate factor, but have 
expressed these as simple percentage deviations from the mean, instead of using the more 
strictly correct logarithmic deviations. 

Results. I. Factors influencing the internal environment of the mouse. 

(a) Feeding. This has been standardised for all tests by removing the food 
from a box of fifty mice two to three hours before the beginning of the test. This 
procedure allows time for food in the stomach to be digested wthout ivithholding 
food long enough to bring on starvation changes, which begin between four and 
six hours later. 

(b) Sex. In order to facilitate the subsequent stages of the investigation, the 
absence of any sex difference in sensitivity to the toxic effects of amphetamine 
sulphate was demonstrated for solitary mice of the pure line (Strong AS), of the 
inbred favm strain (GFF) and of the imported “strain” (Swiss). See Table I. 

(c) Body weight and strain differences. The results of the comparisons made 
■rvith solitary mice of the three strains, with body weights between 16 to 20 
grams and between 22 and 26 grams, are shown in Table II. It will be seen that 
an increase in body weight of all three strains is accompanied by an increased 
susceptibility to amphetamine poisoning and that the Swiss strain is less sus- 
ceptible to the toxic influence of this drug than are the FF and A2 strains. This 
coincides u-ith our observation that animals of this strain are noticeably more 
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active and aggressive and behave in a more excitable manner when kept together 
in large numbers than do those of the two inbred strains. This table also con- 
tains a comparison between male and female FF mice of body weights 16 to 20 
grams, which confirms the evidence, presented earlier (Table I), that there is no 
difference between the susceptibilities of male and female FF mice. 

(d) Hydration. The hydration of the body is knorni to affect the activity of 
the higher nervous centres, and it was therefore considered essential to obtain 

TABLE II 


Influence of sex, body-weight and strain difference on toxicity of amphetamine 


firSAIN 

“SWISS" 

CTT 

*2 

ex. 

I ^ 

& 

9 

cf 

\ 

Body-weight (gms.) 

LD5Q (mg./kg.) 

H 


16-20 

146.2 

0.001453 

16-20 

142.4 

0.00026618 

22-26 

119.6 

0.006432 

16-20 

164.0 

0.0007046 


Regression co-efficient 
(b) 

IHI 

10.4 

6.3 

4.00 

5.6 

5.51 


Variance (8*b) 

Hb 

11.68 

4.715 

0.6225 

8.654 

1.788 

8.1 




TABLE UI 


Effect of hydration on toxicity 


5TOSTANCX 

TCKPSBATCU: 

LD so (ine.Ag.) 1 

uoizssioN co-zmcn:>f7 (b) 

Volume oj 
water/kf . in- 
jected with 
drug 

5 ml. 

£0 ml. 

5 ml. 

50 mL 

Amphetamine 

SO-F. 

39.5 

' 67.8 

mm 

7.15 



(0.00300) 

(0.00270) 


(11.1) 


60°F. 

195.7 

167.4 


21.33 



(0.00127) 

(0.001358), 

(158.1) 

(58.987) 

Ephedrine 

80°F. 

171.2 

200.9 

2.57 

1.74 



(0.06148) 

(0.05483) 

(2.891) 

(3.639) 


Figures for variance, s’, are given in parentheses. 


information on the effects of varying the quantitj’ of water in which the dose was 
administered. The results are shown in Table III. It will be seen that at 
S0°F. increasing the extent of hydration decreases the toxicity. The expla- 
nation for this is not clear, but the effects are sufficiently important at S0°F. to 
add considerably to the difficult 3 f of obtaining consistent figures for the to.xicity 
of amphetamine. The effect, if any, on the toxicitj’ of ephedrine is not suf- 
ficient to be significant for most laboratory" experiments. 

II. Specific relationship of the mouse with its environment. 

(a) The influence of the presence of other mice. This factor increases in im- 
portance as the number of mice aggregated together is increased, (2). Under 
conditions of confinement in groups, normallj" practised in pharmacological 
laboratories, this factor has the greatest effect on the to.xicitj". 
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(b) The effect of confinement on the toxicity for solitary mice. Under this head- 
ing two factors had to be considered, the first being the area in which the animal 
is free to move. This feature of the environment was shown to influence the 
toxicity of amphetamine and ephedrine for solitary mice by comparing the 
toxicity in opaque jars, the area of which was 50 cm=, and in metal boxes, the area 
of which was 590 cm’. Table IV shows that increasing the area decreases the 
susceptibility to the toxic influences of these drugs. 

The second aspect of confinement concerns the transparency of the boundary 
walls. Its effect is found to be non-existent for solitary animals confined in a 
small area. The results of comparing the effect of transparent and opaque jars 
on the toxicity to solitary mice are shown in Table V. 

(c) The effect of sound. Noises occurring in the laboratory and the squeaks of 
other mice activated rrith ephedrine and amphetamine were found responsible 

TABLE IV 


Effect of area on toxicity to solitary mice 


SUBSTANCE 

AKEA 

XJ>S0 

P 

VAirr TO* MrTEB* 
ENCE 

EECXESSIOH CO'Cm* 
CXENT (b) 


sq. cms. 1 




Amphetanune 

50 

55.0 


4.4 




<0.01 

(0.22468) 


590 

111.3 


5.1 





7.6200 

Ephedrine 

50 

242.4 


2.3 




<0.05 

(0.16032) 


590 

550.3 

>0.02 

2.9 





(3.7640) 


Figures lor variance, s’, are given in parentheses. 


for violent outbursts of activity shown by groups of mice receiving these drugs. 
Careful observation, moreover, showed that sudden intermittent noises re- 
peatedly produced alarm reactions in isolated mice that had received ampheta- 
mine or ephedrine. Intermittent noises of the type encountered in the labo- 
ratory were therefore imitated by hitting a metal mouse box at intervals for four 
hours after the injection of the drug. This type of stimulus significantly in- 
creased the mortality of isolated mice in jars given toxic doses of amphetamine. 
Those receiving ephedrine responded in the same way, though to a less degree. 
Table VI shows that the influence of sound on the to.xicity of ephedrine to solitaiy 
mice was not significant and also that this effect is absent in the “benzedrinised” 
mice when they are confined in a space sufficient for freedom of movement. 

III. General environmental conditions. 

(a) Light. The intensity of illumination throughout the previous experiments 
had been constant at approximately 12 foot candles. Since, however, under 
normal conditions the intensity of illumination varies considerably throughout 
the period of a test, and since experiments reported below have shown that a 
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number of factors exert their influence by operating within the visual field of 
the nm'malj changes in intensity of the light might affect the mortality. Ac- 
cordingly, a comparison was made between solitaiy mice at illuminations of the 
usual intensity, approximately 12 foot candles, and others at 1/lOOth of this 
(0.125 foot candles). The results giv'en in Table VII show that the intensity 
of light is of no relevance. 

TABLE V 


Effect of opacity of surrounding walls on mortality of solitary mice at 80 F. 



DOSE 

! 

1 

1 NO. IN CSOUP 

I KOlTAUry IN 

SUBSTANCE 

Opaque jars 

Transparent 

jars 

Amphetamine .. . 

me /if. 

100 

25 

19 

19 

Ephedrine.. . 

200 

20 

s 

7 


TABLE VI 

Effect of Noise on Mortality of Solitary Mice 


ffUBSTANCe 

DOSE 

CONTINED IK 

1 NO, IN 
CBOUB 

SUXNT 

1 

WITH NOISE 

[ F vxtur 

Amphetamine 

<"f /tt. 

64 

jars 

40 

1 

1 

I 16 

25 

<.04 


80 ] 

boxes 1 

20 

1 ^ 

7 

not calculated 

Ephedrine 

200 

jars 

40 

■1 

16 

>.05 


400 

boxes 

20 

■■ 


not calculated 


TABLE VII 

Effect of intensity of tlluminalion on morlality 


SUBSTANCE 

DOSE 

NO or 
KICZ 

1 UOSTALZTY UNDES DI7- 
1 7EBXNT nxUUlNATION 

1 (roOT candles) 

P VALUE 




12 6 

0023 


Amphetanune 

mi /it 

100 

20 

14 

14 

Not calculated 

Ephedrine 

400 

20 

11 


>.05 


(b) Temperature. Other workers, (4), have recently demonstrated the in- 
fluence of temperature on the toxicity of different drugs, a fact that we have 
amply confirmed in these laboratories uith a number of drugs of different tj-pes. 
The effect of temperature on the toxicity of the amines is set out in Table ITI; 
it is clear that the temperature of the surroundings has a profound influence on 
the toxicity and mode of action of these drugs. Amphetamine, methedrine and 
cphedrinc have higher to.xicities at 80”F. than at 60°F. 

IV. Comparison of relative toxicitics. The existence of various factors in- 
fluencing the toxicity of sympathomimetic amines causes their relative toxicities 
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to differ according to the conditions under which they are determined. Many of 
the conditions of our final comparisons are arbitrary', such as the amount of water 
injected, the strain of mouse and the range of body-weights within which the 
mice were selected for test. Nevertheless, it was thought worth while to make 
the comparisons under conditions in which the central e.xcitation is reduced to a 
minimum and the temperature is maintained in the neighbourhood of the op- 
timal for mice (80°F.). At this temperature a balance between heat output and 
heat loss is achieved and the mice, therefore, need make no physiological ad- 
justment to maintain a constant temperature. By these two means kno^vn 
conditions of stress have been reduced to a minimum. 

The results (Table IX)* show close agreement and demonstrate that the most 
important influences affecting the toxicity of the amines to mice have been 
revealed. 


TABLE VIII 


Effect of temperature on toxicity 


SX7BSTAKCE 

LD50 (uc./rc. at roou teuperatttrs or: 

SXCRESSIOM CO-ETnaENT (b) AT ROOM 
TEUPEKATURZS OF: 

SOT. 1 

(SOT. ; 

EOT. 

1 60T. 

Amphetamine 

90.0 

197.0 


wmmm 


(O.OOUl) 

(0.00008683) 

Kal 


Methedrine 

33.2 

111.0 

1 8.57 

26.6 


(0.01114) 

(0.00002862) 

(12.23) 

(2.437) 

Ephedrine 

477.1 

565.0 

7.84 

26.6 


(0.01807) 

(0.0001540) 

(15.33) 

(8.649) 


Figures for variance, a’, are given in parentheses. 


Discussion. It has been shoivn that the toxicity of amphetamine and, to a 
smaller extent, the toxicity of the other amines is influenced by a large number 
of factors. Some of these are now generally recognised as important factors to 
be controlled in pharmacological studies. Feeding, hydration, sex, body-weight 
and external temperature, for e.xample, influence the action of many drugs. 
How they influence the toxicity of any particular drug is, however, not under- 
stood, e.xcept in a few instances. 

As far as the evidence presented here shows, the importance of any modifying 
set of circumstances is always greatest for amphetamine, and less for methedrine 
and ephedrine, in that order. This is consistent with the hypothesis that the 
factors which influence the toxicity of these amines do so by altering the e.x- 
citability of the central nervmus system, since the action of ephedrine or methe- 
drine on the central nervous system is known to be less than that of amphetamine. 

The most striking feature of amphetamine is the variety of factors to which 

■ Further confirmation of this fact is provided by two comparisons of the relative toxi- 
cities which were made before all the conditions afi'ecting the toxicity had been discovered. 
The results of these comparisons did not show the degree of agreement shown in Table IX. 
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the mouse becomes sensitive when under the influence of high doses. Since, 
moreover, the central nervous stimulation is the most predominant pharmacologi- 
cal action of this drug, it is probable that the number of factors influencing its 
toxicity is a manifestation of the increased sensitivity to stimuli induced by its 
action on the central nervous system. 

It was demonstrated by Gunn and Gurd, (5), that the presence of other mice 
induced excitation in mice receiving high doses of amphetamine and allied drugs, 
but that the solitary mouse receiving large doses of amphetamine remained un- 
excited although exhibiting increased spontaneous activity. A more detailed 
description of the behaviour of solitary mice and groups of mice receiving large 
doses of amphetamine has been the subject of other publications. The essential 
feature of these amines is that, unlike other central nervous stimulants, they 
induce in the mouse a state of e.xcitability rather than of excitement. Lethal 
doses almost invariably kill the solitary mouse as a result of violent convulsions, 

TABLE IX 


Relalive loxicily of sympalhomimeiio amines to inbred mice under controlled conditions 


SUBSTAKOE 

LD SO UO./KC. 

S2C&SS5I0N CO-EmOEKT (b) 

Date of Expt. 

Meao 

Per. 
ceota^ 
error 
(P - 
0.05) 

Date of Expt. 

Mean 

Per- 

centssc 

error 

(P- 

0.05) 

10/10/44 

23/10/44 

17/12/44 

10/10/44 

23/10/44 

27/12/44 

Amphetamine 

89.54 

BIS 

74.14 


±12.2 

8.56 

7.14 

8.50 

8.21 

±36.6 

Ephedrine 

238.58 


275.81 

276.97 

±27.4 

2.88 

4.46 

1.44 

2.13 

±62.8 

Adrenaline 

4.58 

4.75 

3.72 

3.86 

±19.8 

6.00 

5.21 

7.47 

6.69 

±36.2 

Methedrine 

15.85 

21.87 



±32.0 

4.02 

2.66 

2.72 

3.01 

±49.0 


Conditions of experiment: Solitary GFF mice, weighing 18 to 22 grama, isolated in silence 
in jars at 80 F., receiving the total dose in 20 mis. of HiO per kg. body weight. 


which, therefore, may appear when the excitation in the central nervous system 
reaches a critical level. Doses themselves not lethal may thus become so as a 
result of external factors raising the axcitation to a critical level. 

In view of all the factors altering the toxicity of these amines, it was thought 
probable that the excitation of the central nervous system may be increased by 
afferent impulses or decreased by efferent impulses during the action of these 
drugs. In this way, the number of animals reaching a critical level of excita- 
tion at which lethal convulsions occur is altered by a variety of environmental 
factors in mice receiving near lethal doses of amphetamine or related amines. 
Factors that increase afferent impulses would thus be e.xpected to increase the 
toxicity and efferent discharges from the central nenmus system to decrease it. 

The effect of sound may thus be one means of increasing the central nenmus 
excitation by increasing the afferent impulses along the auditor^' nerve and our 
results may be analogous to the effect of sound in inducing convulsive seizures in 
Pcromyscus mice reported by Sumner, (6), to be due to a heritable factor; he 
found that some mice of tliis species were thrown into convulsions by certain 
types of sound. Similar, often lethal, convulsions were brought on by sound in 
solitarj' mice receiving large doses of these amines. 
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Freedom of movement, allowed by increasing the area in which the solitary 
mouse is free to move, may mean that the central nervous excitation is relieved 
by motor impulses passing to the muscles during movement round the box. 
This activfty would also provide a means of relieving the central, nervous e.x- 
citation in mice subjected to repeated auditory stimulation and may explain 
why noise does not influence the solitary’- mouse which is free to move, but does 
affect the mouse confined in a small space (see Table VI). 

The influence of environmental temperature on the response of mice to the 
toxic effects of these amines may also be due to the increase in the rate of dis- 
charge -(vith rising body temperature, which Gellhom, (7), suggests occurs in all 
parts of the brain. Conversely, pilo-motor impulses in shivering may relieve 
the central nervous excitation and so reduce the toxicity of these drugs at low 
temperature. This suggestion is made more likely by the work of Warren and 
Werner, (8),= who have found that amphetamine and ephedrine increase the 
body temperature of mice. 


SUMMARY 

1. Factors which influence the toxicity of sjunpathomimetic amines to solitaiy 
mice have been described. These include hydration, sex, strain differences, 
body-weight, external temperature, degree of confinement and sound. 

2. A detailed investigation of the factors influencing the toxicity of amphet- 
amine sulphate has been made. The effect of some of the relevant factors in- 
fluencing the toxicities of ephedrine hydrochloride and methedrine hydrochloride 
have also been studied. 

3. It is suggested that the sensitivity to the various factors induced by these 
substances is a function of their capacity to stimulate the central nervous 
system, and that a variety of factors modify the toxicity by altering the degree 
of central nervous excitation or its opportunities of discharge. 

4. When the disturbing factors are controlled, it has been found possible to 
determine the toxicity of these drugs with the degree of accuracy usually en- 
countered in biological estimations. 
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Konzett (1) has described the pharmacology of several N-alkyl homologues 
of epinephrine and reports that some of these, in suitable dose, cause a marked 
fall in blood pressure, although they retain many of the other pharmacologic 
actions of epinephrine. He also mentions the isopropyl homologues of ‘Sym- 
patol’ (l-(p-hydroxyphenyl)-2-isopropylaminoethanol) and ‘Neo-Synephrine’ 
(l-m-(hydroxj'phenyl)'2-isopropylaminoethanol), but does not describe their 
effect on blood pressure. We have carried out in this Laboratory an investiga- 
tion of the pharmacologic actions of these two latter substances and of various 
other structurally related compounds. The synthesis of some of these com- 
pounds has been described by Corrigan, Langerman and Moore (2). The 
pharmacologic results obtained are described in this communication. 

1. Effect on blood pressure. Carotid blood pressure was determined 
in dogs anesthetized with sodium pentobarbital. All injections were made into 
the exposed femoral vein. Average results obtained are shown in table 1. It 
should be noted that tyramine (l-(p-hydroxyphenyl)-2-aminoethane) is the 
most active pressor compound of the series shown in this table. The addition 
of the alcoholic hydroxyl to give l-(p-hydroxjTJhenyl)-2-aminoethanol (No. 
582) results in a marked reduction in pressor potency. Within the series re- 
ported here, subsequent alkjd substitution on the nitrogen leads to a further 
reduction in pressor potency, and, with the substitution of groups larger than 
methyl (table 1), the resultant compounds produce a depressor effect. How- 
ever, the amount and duration of the fall in blood pressure varies greatly with 
these higher homologues. On the basis of their effect on blood pressure, they 
may be divided into two groups: 1) those containing one or more methyl groups 
attached to the first carbon of the N-alkyl group (Nos. 573, 277, 651 and 661), 
and, 2) those containing groups larger than methyl attached to the first carbon 
of the N-alkyl group (Nos. 579, 570 and 643). This second group causes a 
transient fall in blood pressure similar to that produced by a large number of 
structurally diverse amines. The first group, on the other hand, induces a 
marked and very prolonged reduction in blood pressure (fig. 1). This effect 
appears to be greatest with Nos. 277 and 661 and least uith No. 859. Com- 
parison of results obtained with Nos. 859 and 832 suggest that the alcoholic 
hydroxyl is importantly concerned with this action (table 2). The presence 
of a phenolic hydroxj-1 in either the meta- (No. 539) or para- (No. 277) position 
increased this action (table 1). 
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The pharmacologic action of the compounds in this first group can best be 
illustrated No. 277, inasmuch as other members of the group cause similar 
responses. Repeated intravenous administration of small doses of No. 277 
(0.05-0.1 mgm./kgm.) leads to a progressive fall in mean arterial pressure to 
about 60 or 60 per cent of the preinjection level. After this pressure has been 
reached, the injection of additional amounts of the compound is iidthout further 
effect on blood pressure. The injection of as much as 1.0 or 2.0 mgm./kgm. 

TABLE 1 

Effect of compounds structurally related to lyramine on the blood pressure of the dog 




rirxNouc 

OH 






TOXICITY 

COVrPOtJND 

X 

Y 

l>OSE 

aiANCE 
l.V B.P. 

duxatiok 

Approx. 

LD50r 







ber of 
roict 





tngm./ 

ktm. 

mm. Bt 


mtm.f 

hsn. 


Tyramine 

para 

H 

H 

0.18 

-1-60 

5 min. 



582 

para 

OH 

H 

0.21 

+46 

5-10 min. 

600 

50 

‘Sympatol’ 

para 

OH 

methyl 

0.46 

+45 

5-10 min. 

1000 

34 

573 

para 

OH 

ethyl 

0.50 

-30 

Prolonged 

600 

74 

579 

para 

OH 

n-propyl 

0.50 

-19 

Transient 

300 

34 

277 

para 

OH 

isopropyl 

0.20 

-35 

' Prolonged 







0.50 

-63 

Several hours 

370 

84 

570 

para 

OH 

n-butyl 

0.50 

-21 

Transient 

ISO 

18 

661* 

para 

OH 

sec.-butyl 

0.25 

-26 

Prolonged 



651 

para 

OH 

tert.-butyl 

0.25 

-20 

Prolonged 







0.50 

-60 

Prolonged 

250 

28 

643 

para 

OH 

isobutyl 

0.20 

-4 

Transient 

220 

37 

539 

met a 

OH 

isopropyl 

0.30 

-30 

Prolonged 

320 

44 


* The diastereoisomer racemates were separated. Data obtained with the more active 
member are shorvn here. 

f Albino mice were used. The compounds were injected intraperitoneally. 


in a single dose produces a large fall in blood pressure and subsequent injections 
may cause little or no further change. The intravenous injection of large 
amounts (5.0-10.0 mgm./kgm.) does not cause circulatory collapse. The 
observed reduction in blood pressure is brought about by vasodilatation in 
both the cutaneous and splanchnic areas. Following intravenous administration 
of No. 277 there is an increase in splanchnic volume (as recorded by the in- 
testinal oncometer). Also, it may be noted that unpigmented skin areas become 
veiy pink with the onset of the fall in blood pressure. 
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Fio. 1. Effect OP Intravenously Injected No. 277 on the Blood Pressure of the Don 

From above downn’ard is recorded respiration, blood pressure and time (in 10 seconds). 
The individual segments record: 1) injection, 2) 34 minutes, 3) 50 minutes, 4) 107 minute, s 
after injection. No. 277, O.S mgm./kgm., was injected at the arrow. 


TABLE 2 

Effect of structural changes in the sympathomimetic nucleus on depressor action in the dog 

R 



COUPOPNP 

R 

X 

V 

X>OSE 

1 CBANCE IS 

D P. 

DtTBATIOS 

126 

1 

H 

H 

ethyl 

T»fm /igpi 

0.45 

Wirt Bt 

+3 

Transient 

573 

OH 

OH 

ethyl 

0.50 

-30 

Prolonged 

832 

H 

H 

isooroovl 

0 60 

-15 

Transient 

859* 

H 

OH 

isopropyl 

0.50 

-36 

Prolonged (}'2hrs.) 

277 


OH 

isopropyl 

0 50 

-C3 

Several hours 


• LD 50, intraperitoneal albino mice, ISO mgm Agm. (49 mice). 
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In several experiments, No. 277 was injected intramuscularly into unan- 
esthetized dogs. Except for a more gradual onset in the fall in pressure, the 
results (fig. 2) are essentially the same as those described following intravenous 
administration. In some experiments on anesthetized dogs. No. 277 was in- 
jected directly into a loop of the small intestine. The rapid onset of the fall in 
blood pressure observed indicates a rapid absorption from this organ (fig. 3). 
In several instances. No. 277 in aqueous solution was put directly into the stom- 
ach of unanesthetized dogs by intubation. A reduction of blood pressure uith 
an increase in pulse rate was detected within 5 to 10 minutes and these changes 



Fig. 2. Effect of Intramuscolarlt Injected No. 277 on the Blood 
Pbessuhe of the Dog 

From above downward is recorded respiration, blood pressure and time (in minutes). 
The numbers under the blood pressure tracing indicate the total time in minutes. No. 277, 
0.5 mgm./kgm., was injected at the arrow. 

were maximal within 20 to 30 minutes (table 3). The effects lasted for several 
hours. At no time did the dogs show any signs of discomfort. 

The effect on the action of the heart was determined in frogs, rabbits and 
dogs. With frogs, the brain and spinal cord were pithed and a cannula inserted 
into the sinus venosus. The truncus arteriosus or carotid arch was cut and the 
perfusion fluid allowed to drain away. All drugs were made up in frog Ringer 
solution and injected into the perfusion stream near the sinus cannula. With 
this preparation, 0.005 mgm. of epinephrine caused a prompt increase in both 
rate and amplitude that lasted about one minute. No. 277, in doses up to 1 
mgm., either had no effect or caused a reduction of rate and amplitude that 
lasted for one to several minutes. 

Isolated rabbit hearts were perfused according to the method of Langendorff. 
In contrast to results with frogs, the injection of 1 microgram of No. 277 directly 
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into the perfusion stream near the heart caused a marked increase in rate and 
amplitude. In several experiments on dogs, mj^ocardiographic recordings of 






PS 


Fig. 3. Erracr or No. 277 Injected into the Lvmen oe the Small Intestine, on the 
Blood Pressure of the Dog 

From above downward is recorded respiration, heart rate, blood pressure and time (in 
minutes). The numbers on the time line indicate the total time in minutes. No. 277, 5.0 
mgm./kgm., was placed in the small intestine at the arrow 

TABLE 3 


E^ect of compound No. 277 on Ihe blood pressure and pulse rate in unanesthetized dogs 


UODC 07 
AOUIN 

DOSE 

IKHTAL SYSTOLIC 
SLOOO pjiessuk:/ 
INITIAL PULSE 
RATE 

UAXIUUtf CnANCC 

DURATION OF ACTION 


mim /kgm. 

mm Hi/beots per 
min 



s.c. 

0.25 

150/68 

-40/+112 

BP. normal withia 4^ hrs. Pulse 
rate still greater than normal 

s.c. 

1.00 

155/98 

-60/+102 

B.P. normal within hrs. Pulse 

rate still greater than normal 

Oral 

0.25 

145/62 

-45/+ 78 

B.P normal within hrs. Pulse 

rate still greater than normal 

Oral 

0.60 

195/70 

-S5/+ 74 

More than4 hours 

Oral 

1.00 

125/64 

-40/+146 

B.P. normal within 5| hrs. At this 
time pulse rate » 144 

Oral 

10.00 

155/100 

-49/+ 96 

B.P 102, pulse rate ISO, at end of 6} 
hrs. 


the left ventricle tverc made. With this preparation, No. 277, in intravenous 
doses of 0.1 mgm./kgm., caused a distinct increase in both rate and amplitude; 
the amplitude of contraction was grc.ater than normal for about 5 minutes, while 
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the increased rate lasted for an hour or more. In an effort to prevent the re- 
flex effects on the heart that result from a fall in mean arterial pressure, 0.01 
milligram of ‘New-Synephrine’ HCl per kilogram was combined with 0.1 milli- 
gram of No. 277 per kilogram and the mixture was injected intravenously. This 
amount of ‘Nco-Synephrine’ has no demonstrable effect on the action of the 
heart but prevents the reduction in blood pressure from No. 277. In these 
experiments the increases in rate and amplitude were much the same as when 
No. 277 was injected alone. These results and those obtained nith the isolated 
perfused rabbit heart suggest that the mammalian heart is strongly stimulated 
by No. 277. 

2. Effect on the bronchioles. Isolated guinea pig lungs were perfused by 
the method of Sollman and von Oettingen, as modified by Tainter (3). Bron- 


TABLE 4 

Bronchodilator action of compounds structurally related to tyramine 
(Perfusedjsolated guinea pig lung) 


COITPOUKD 

MSPONSE TO mSTAMtST 

TESPOKSE TO HlSTAMIhX + COlIPOtINDt 


ec./min. 

cc.lmn. 

5S2 

45/26* 

43/28 

‘Sj-mpatol’ 

44/27 

44/44 

S73 

25/14 

27/42 

277 

56/28 

54/55 

661 

57/34 

60/47 

651 

42/15 

42/33 

859 

41125 

40/37 

579 

44/26 

46/50 

570 

51/31 

50/56 

643 

40/23 

39/35 


* Rate before histamine/rate after histamine. 

1 10 mgm. of the experimental compound injected with the constricting dose of 
histamine. 


choconstriction was induced by histamine acid phosphate (0.01 to 0.02 mgm.) 
injected directly into the perfusion system near the lung. The results obtained 
are shown in table 4. It should be noted that those compounds most active 
in reducing blood pressure are only moderately active as bronchodilators. They 
do not appear to be significantly more active than ‘Sjunpatol’. Those com- 
pounds in which the N-alkyl group is unbranched are more active on the bron- 
chioles. The N-eth 3 d derivative retains the pharmacologic properties of both 
series, being an active vasodepressor and bronchodilator substance. 

3. Effect on the intestine. Action on the isolated segment of the small 
intestine was determined bj' the method of Magnus. Unstimulated segments 
of guinea pig ileum were used to determine the effect of these compounds on 
tonus and motilitj'. The muscle bath had a capacitj' of 200 cc. and was filled 
and emptied twice between each determination. The results obtained are 
shown in table 5. These results are similar to those pre\doush' described for 
blood pressure. Compounds which cause a prolonged fall in blood pressure 






VASODEPRESSOR AMINES 


303 


also produce a marked reduction in tonus and motility when present in a con- 
centration of 1:200,000. At this concentration, the n-propyl, n-butyl and iso- 
butyl compounds are without effect. In a few experiments, motility of the 
rabbit jejunum, in situ, was recorded kymographically. Those drugs found to 
be most active in relaxing the isolated intestinal segments were also found to 
be quite active in relaxing intestinal tonus following their intravenous injection 
(0.5-1.0 mgm./kgm.). 

4. Effect on the uterus. The activity of isolated segments of the non- 
pregnant rat, rabbit and guinea pig uteri was determined as described above 
for the intestine. Results obtained are shown in table 5. Epinephrine and 

TABLE 6 


affect on the isolated intestine and uterus of compounds structurally related to tyramine 


COUPOUKD 

£t£I7U 

UTEKDS 

Guinea pi; 

Rat 

Rabbit 

Guinea pig 

^-Phenethylamine 

E* 

I 

NA 


Tyramine 

NA 

I 

E 


682 


I 

E 


‘Sympatol’ 

E 

1 

NA 


673.' 

I 

I 

I 


277 

I 

I 

I 


651 

!■ 


I 


859 

I 


I orNA 

NA 

579 

NA 


lorNA 

NA 

570 

NA 

I 

E 

NA 

Epinephrine 

I and Ef 

I 

E 

E 


* Dilution of 1 :200,000. This dilution was used for all compounds except epinephrine. 
E = excites, I = inhibits, NA = no action. 

1 1 with dilutions of 1:10M to 1:40M. E with dilution of 1:1M. 


tyramine inhibit motility of the rat uterus and increase either tonus or motility, 
or both, of the rabbit and guinea pig uterus. No. 277 either inhibits motility 
or is tvithout effect (guinea pig uteri). There is no evidence of excitation in 
any instance. Similar results were obtained with other members of this series 
that cause a prolonged fall in blood pressure. 

5. Toxicity. Comparative toxicity was determined by intraperitoneal 
injection into mice. The mice ivcighed 15 to 20 grams and were observ'ed for 
72 hours following injection. All animals were housed before and during the 
test in quarters maintained at 75T., and at a constant humidity of 35 per cent. 
Results obtained are shown in table 1. Of the compounds investigated, the 
N-methyl derivative, ‘Sympatol’, was found to be least toxic. Those com- 
pounds containing an unbranched alkyl group on the nitrogen increase in to.\icity 
with an increase in the length of the chain. Thus, No. 573 is more to.xic than 
‘Sympatol’, No. 579 is more to.xic than No. 573, and No. 570 is most to.xic. 
With compounds in which the alkyl group on the nitrogen is branched, isopropyl 
(No.. 277) is least toxic. The tertiaiy butyl (No. 651) appears to be somewhat 
less toxic than the isobutyl derivative (No. 043). Toxicity of the secondaiy 
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butyl diastereoisoDiers could not be accurately determined since the compoimds 
are insoluble in distilled water. The isobutyl compound (No. 643) is less toxic 
than the n-butyl derivative (No. 570). 

The acute oral toxicity of Compound No. 277 was determined in 16 rats. 
Animals of both sexes weighing between 150 and 200 grams were given No. 277 
in aqueous solution by intubation. Doses of 550-2000 mgm./kgm. were ad- 
ministered daily for 14 days. Only one death resulted (at 750 mgm./kgm.) 
from the administration of this compound. Examination revealed no histo- 
pathological changes. This compound has low oral toxicity in rats. 

Six normal dogs were pven No. 277 orally, 25 mgm./kgm. daily (6‘days in 
each week) for periods of 8-12 weeks. The compound caused persistent low 
blood pressure and fast heart rates in all animals. However, examination of the 
blood revealed no significant change in the number of erythrocytes or of leuco- 
cytes, or in blood sugar, non-protein nitrogen, total serum protein or plasma 
chloride values. A complete pathological examination was made upon three 
of the above dogs, one animal was sacri6ced at the end of 8, 10, and 12 weeks, re- 
spectively. No abnormalties were found in any organ. 

Discussion. Numerous articles have reviewed the relationship between 
chemical structure and sympathomimetic action. Among the most recent 
is that of Hartung (4). However, the data presented do not provide as complete 
a correlation as might be desired. Data obtained with the same or similar 
compounds in various laboratories often differ. In order better to understand 
the relationship between chemical structure and pharmacologic action, we have 
determined the response to a reasonably complete series of compounds which 
may be considered as derivatives of tyramine. In this series, it is of interest 
to note that the addition of an alcoholic hydroxyl to the beta-carbon of the side 
chain and N-methylation both d imini sh the pressor potency of tyramine. ‘Sym- 
patol’ (l-(p-hydroxyphenyl)-2-methylaminoethanol), which differs from epi- 
nephrine only in that it does not contain a second hydroxyl in the meta-position 
on the phenyl ring, is only J to | as pressor as tyramine and has about l/316th 
the pressor activity of epinephrine. 

This diminishing pressor potency takes on added significance when the phar- 
macology of the N-ethyl homologue is considered. This compound is pre- 
dominantly depressor, does not stimulate the perfused frog heart, relaxes the 
guinea pig ileum, either relaxes or has no action on the uterus and dilates the 
perfused guinea pig bronchioles. Such actions would be expected to result if 
the inhibitory (sympathin I-mimetic) actions were retained with suppression 
of the excitatory component (sympathin E-mimetic). A comparison of various 
N-alkyl derivatives clearly indicates a specificity of action comparable to that 
shown by pressor sympathomimetic amines. Thus, the secondary beta-p- 
it 

hydroxyphenylethanolamines, with the structure — N — C — R, behave 

CHs 

like the N-ethyl derivative, with greatest activity being found with the isopropyl 
compound. The n-propyl, n-butyl and isobutyl derivatives are quite different 
in their behavior and pharmacologically resemble amines ivith widely var 5 ang 
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structures. These latter substances have only a transient effect on blood pres- 
sure and cause papaverine-like depr^son of smooth muscle, when present 
in high concentration. 

The structure of the sympathomimetic nucleus likewise influences the results 
obtained. Thus, l-phenyl-2-isQpropylanunoethanol (No. 859) causes a pro- 
longed fall in blood pressure. Our investigation leads us to postulate that, in 
the compounds studied, the addition of an hydroxyl to the ring, in either the 
meta- (No. 539) or para- (No. 277) position, increases the depressor activity. 
Chen Wu and Henriksen (5) have reported that both the N-ethyl and N-iso- 
propyl homologues of l-phenyl-2-ethylaminopropane is slightly pressor. We 
have found l-(p-hydroxyphenyl)-2-isopropylaminopropanol to be depressor 
in dogs, but considerably weaker in action than l-(p-hydroxyphenyl)-2-iso- 
propylaminoethanol. 

Acute toxicity data indicate that N-alkylation increases toxicity. In general, 
our results are in agreement with those obtained by Chen et al. (5) with ephedrine 
derivatives. However, ‘S 3 rmpatol’, a secondary methylamine, is a notable 
exception, in that it is the least toxic compound in the series. The N-ethyl 
homologue is only slightly more toxic than the primary amine. The branched 
chains are less toxic than the corresponding normal chains. Thus, n-propylamine 
is more toxic than the isopropylamine and n-butylamine more toxic than the 
tertiary and isobutylamines. The presence of an hydroxyl in the para-position 
on the ring diminishes toxicity significantly, compound No. 277 being about 
one-half as toxic as No. 859. 


SUMMART 

1. The pressor potency of l-(p-hydroxyphenyl)-2-aminoethane (tyramine) is 
diminished by the addition of an hydroxyl group to the beta-carbon and by 
the addition of a methyl group to the introgen. 

2. The replacement of one of the hydrogens of the amino group of l-(p-hy- 
droxyphenyl)-2-aminoethanol by ethyl, isopropyl, secondary butyl or tertiary 
butyl groups results in compounds that are strongly depressor in action. Sim- 
ilar substitution by n-propyl, n-butyl and isobuty] groups results in compounds 
which exert only transient depressor action. 

3. The presence of an alcoholic hydroxyl on the beta-carbon appears to be 
necessary for this action. 

4. Those compounds which cause a prolonged fall in blood pressure are also 
most active in bringing about inhibition in those organs inhibited by epineph- 
rine. 
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The necessity of the liver for the maintenance of the prothrombin activity of 
the blood has been clearly demonstrated by means of hepatectomy (1) the influ- 
ence of hepatotoxic drugs (2, 3) and clinical observation in hepatic disease (4). 
The inference that prothrombin is actually formed in the liver seems well justi- 
fied; nevertheless, the actual formation of prothrombin by liver tissue has not 
been demonstrated. 

During the course of experiments concerning the mechanism of action of 
dicumarol it has been possible to demonstrate an increase in the prothrombin 
level following the perfusion of the isolated liver with blood deficient in pro- 
thrombin activity. The results of these studies constitute the material for this 
report. 

Materials and methods. Stock white rats were used throughout the investigation. 
Eight mg. of dicumarol, suspended in a 1 per cent tragacanth emulsion, was administered 
per day by means of a rigid stomach tube. One or two doses were given and the animal 
was utilired at the end of 24 or 48 hours. Blood was obtained either by cardiac puncture 
or exsauguination through the abdominal aorta, being drawn into a syringe containing 3.8 
per cent sodium citrate solution, the final mixture being in the proportion of one of citrate 
to nine of blood. Under ether anesthesia the liver for perfusion was exposed by a wide 
cruciate incision of the abdominal wall. The portal vein was exposed and the distal end 
ligated. A small glass cannula, connected to a flask of 0.85 per cent saline at 37°C., was 
inserted into the hepatic end of the portal vein and ligated in position. The liver was then 
washed with the normal saline to demonstrate the success of the cannulation and to remove 
the intrahepatic blood of the liver donating rat. This washing was repeated after the 
liver was removed from the rat carcass. Excess tissue was trimmed sway and the liver, 
suspended by the ligature on the cannula, placed in the perfusion chamber. 

Perfusion apparatus. From 50 to 60 cc. of pooled blood were placed in a reservoir 
connected to the liver cannula. Blood flow was by gravity from the reservoir through the 
liver, out the hepatic veins, and thence to the paraffinized floor of the chamber. Here it 
was pooled and then pumped back into the reservoir, where oxygen was bubbled through the 
blood. Perfusion pressure of between 18 and 22 cm. of water was maintained, with slight 
fluctuations due to the action of the pump. The reservoir and perfusion chamber were 
maintained at atmospheric pressure by means of a connecting airway which permitted free 
escape of the inflowing oxygen. The whole apparatus was suspended in a water bath 
maintained between 37° and 38°C. 

Prothrombin determinations were made by the one stage method. Thromboplastin 
was prepared by the method of Link and his associates (5), then mixed with an equal volume 
of 0.025M CaClj. Plasma was mixed adth equal parts of a fibrinogen solution prepared by 
the method of Jaques (6). Prothrombin time was determined to be the time of formation of 
a clot after the introduction of 0.2 ml. of the thromboplastin-calcium mixture into the 
plasma-fibrinogen mixture. 
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Prelimiiiary experiments with diluted blood resulted in wide fluctuations of the pH of 
the perfusate during the course of the perfusion. Because of the marked effect of pH on the 
prothrombin determination (7) whole blood was used throughout and the pH of the samples 
determined routinely. At no time was pH less than 7.05 nor greater than 7.95, as de- 
termined, by the Leeds and Northrop glass electrode pH meter. Prothrombin activity is 
not materially effected within this range (8). 

Rebtjits. Control determinations. Perfusion of normal whole pooled rat 
blood through an open cannula resulted in no significant change in the pro- 
thrombin level over a period of four hours (see table 1). 

TABLE 1 

Perfusion of pooled whole blood through an open cannula 
The prothrombin times are recorded in seconds (average of three determinations) 


PESnJSioH Tn£E m mjnctes 



“ 1 


120 

180 

2a 

Blood from normal rats 


mifim 


15.5 

15.5 

16.0 




16.0 

16.0 

17.0 

■91 

16.0 


16.0 

17.0 

17,0 

Blood from dicumarol treated rate 


35.0 

41. 5 

44.B 

61. B 

52.5 


44.0 

52.0 

60.5 

64. B 

66.0 


64.0 

68.0 

74.0 

83.0 

99.0 


Perfusion of blood from dicumarol treated rats, with resulting low prothrombin 
activity, through an open cannula resulted in a prolongation of the prothrombin 
times by 35, 17, and 22 secs. Compared with the activity of the original plasma 
this represents a moderate decrease in prothrombin activity. Data from three 
Buch determinations are presented in table 1. 

Perfusion of normal blood through the liver of'a normal rat resulted in no 
significant change in the level of the prothrombin activity. Data from three 
such determinations are presented in table 2. 

Perfusion of blood from dicumarol treated rats through the liver of a normal rat. 
The perfusion of blood from dicumarol treated rats through the liver of a normal 
rat resulted in a significant increase in the prothrombin actirfty of the perfused 
blood. As a rule the increase varied with the original prothrombin level. Al- 
most all the change occurred within the first two hours. See table 2 and figure 2. 
Prothrombin times are plotted against perfusion times in figure 2 and may be 
compared with the control activities plotted in figure 1. 

Perfusion of blood from dicumarol treated rats through the liver of a dicumarol 
treated rat. The perfusion of blood from dicumarol treated rats through the 
liver of a dicumarol treated rat resulted in a progressive, slight increase in pro- 
thrombin time. IMien compared with the increase in prothrombin time when 
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dicumarol blood is perfused through an open cannula, there is no significant 
difference. Data from three such determinations are presented in table 3 and 
should be compared ■with the results recorded in table 1. 

Perftision of normal blood through the liver of a dicumarol treated rat. The per- 
fusion of normal blood through the liver of a dicumarol treated rat resulted in' 
no change in the prothrombin activity (see table 3) . 

Discussion. Perfusion of the liver is a highly artificial procedure. It has 
the advantage of restricting the results obtained to the organ involved. In the 
Vitamin K deficient animal the relatively prolonged latent period between the 
time of receiving the specific •vdtamin and the increase in the prothrombin ac- 


TABLE 2 


Perfusion of pooled whole blood through the liver of a normal rat 
The prothrombin times are recorded in seconds (average of three determinations) 



PEirCSlOH TDC£ IN UZNITTES 


0 

M 

120 

1 ISO 

210 

Blood from normal rats 

mi 



19.5 

17.6 

18.0 

m2 



16.0 

15.0 

16.5 

ms 

17.5 

WBm 

17.0 

18.0 

18.0 

Blood from dicumarol treated rate 

mi 

41.6 

31.0 


25.0 

25.5 

m2 

129.0 

78.0 


38.0 


ms 

74.6 

34.5 


29.0 


mi. 

77.0 

38.5 

37.6 

38.0 

— 

ms 

57.0 

33.0 

32.5 

31.5 

31.5 

ms 

96.0 

31.0 


— 

— , 

m7 

134.0 

32.5 

30.0 

39.5 

29.5 


tivity makes it seem likely that prothrombin is formed gradually over a con- 
siderable period of time. For this reason it was felt that any perfusion must be 
capable of being continued with the same perfusate for a period of hours. This 
was effected by a system which recirculated the perfusate through the perfused 
organ. It is doubtful whether the liver under such conditions retains much 
semblance of normalcy after two hours of perfusion. Though the perfusion was 
continued for four hours, in no case was there a significant increase in prothrom- 
bin, after the second hour. No conclusion as to the reason for the cessation of 
the activity by the second hour is justified, since a multitude of events may have 
occurred. 

Results ■with normal blood, both through an exposed cannular opening and 
through a normal liver, demonstrate no significant alteration in the prothrombin 
actmty under the perfusion conditions. 

However, when blood from dicumarol treated rats was perfused through the 
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open cannula (without a liver in the system) or through a liver from a dicumarol 
treated rat, a slight decrease in activity occurred. The decrease with a dicumarol 



Fig. 1. Peufosion op Pooied Rat Blooo 
a. O, normal blood through the liver of a normal rat, b. •, normal blood through the 
liver of a dicumarol prepared rat. c. Bl, blood from dicumarol prepared rata through the 
liver of a dicumarol prepared rat. d. (I, blood from dicumarol prepared rata through an 
open cannula. 


prepared liver in the system is not greater than when no liver is present. It 
seems justified to conclude that there is no destructive activity in the dicumarol 
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prepared liver under the perfusion conditions. Further, the perfusion of normal 
blood through the liver of a dioumarol treated rat resulted in no decrease in the 



Fio. 2. Pebfusion or Blood from Dioumarol Treated Rats through the Liter 

OF A Normal Rat 


prothrombin activity. It seems highly unlikely that dioumarol causes increased 
destruction of prothrombin by the liver. 

In contrast to the lack of destructive activity of dioumarol, livers from normal 
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rats were able to increase the prothrombin activity of blood deficient in prothrom- 
bin due to the action of dicumarol. If the results of these data are compared 
with the hjTDerbolic curve made by plotting prothrombin time against percentage 
of diluted pooled rat blood (2), it is found that there is an increase of from 4 to 
12 per cent in prothrombin. While the increase does not approach normal levels, 
nevertheless an increase of about 10 per cent in the prothrombin level of the 
perfusate is significant. The volume of the perfusate was always from 50 to 60 
ml., which is approximately twice the blood volume of the rats used as liver 
donors. Although these values are certainly not quanitative, thej' do represent 
only a clear-cut increase in the prothrombin activity of perfused blood. 


TABLE 3 

Perfusion of pooled whole blood through the liver from a dicumarol rat 
The prothrombin times are recorded in seconds (average of three determinations) 


Ptsrtrsiov mcc zh uznutes 


FSOTHXOUSm roCE OT 


I 

“ 1 

m 1 

ire 1 

ISO 1 

240 1 


Blood from normal rats 

■■ 

16.5 

15.5 

16.5 


WSM 

1 26.6 


15.0 

14.5 

15.5 



36.0, 

■■ 

17.5 

17.5 

17.5 

■H 


450.0 

Blood fromjdicumarol treated rats 

mm 

62.5 

80.0 

90.0 



55.0 


48.0 

52.0 

57.0 



65.0 

WM 

68.0 

110.0 

111.0 

I 114.0 

j 111.0 

105.0 


SUMMABY AND CONCLUSIONS 

Pooled blood from white rats was perfused through the isolated liver of a rat in 
an apparatus so arranged as to permit the reperfusion of from 50 to 60 cc. over a 
period of three to four hours, under standardized conditions. 

Normal blood perfused through the liver of a normal rat resulted in no change 
in the prothrombin activity. 

Blood from dicumarol treated rats perfused through an open cannula decreased 
slightly in prothrombin activity. Similar blood perfused through the liver of a 
dicumarol treated rat, decreased in prothrombin activity to the same e.xtent as 
when no liver was in the circuit. 

Perfusion of normal blood through livers of dicumarol treated rats resulted in 
no change in the prothrombin levels. 

Blood from dicumarol treated rats perfused through livers of normal rats in- 
creased significantly in prothrombin activity. 

It may be concluded that under the conditions of perfusion of an isolated or- 
gan, livers from dicumarol treated animals do not cause a destruction of pro- 
thrombin. Secondly’, the normal isolated liver of the rat is capable of increasing 
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the prothrombin activity of blood deficient in prothrombin activity as a result of 
treatment with dicumarol. This is further evidence of the liver being the site 
of formation of prothrombin, and that dicumarol decreases the capacity of the 
liver to produce prothrombin. 
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The sodium salts of caprylic acid and of other lower fatty acids, when injected 
intravenously, cause ventricular ectopic rhythms similar to those produced 
by tojdc doses of digitalis (1). Sodium caprylate increases the force of con- 
traction of the perfused isolated frog heart and decreases the degree of dilatation 
(2). This effect is more pronounced in hearts which are failing than in fresh 
hearts, an action also similar to that produced by digitalis. The experiments 
to be reported here were designed to determine whether or not doses of sodium 
caprylate lower than those which produced cardiac arrhythmias had a digitalis- 
like effect on the mammalian cardiovascular system. 

Methods. The cats were anesthetized with sodium pentobarbital, using an initial 
intraperitoneal dose of 37.5 mgm. per kgm. and maintaining anesthesia with additional 
small intravenous doses as needed. Under artificial respiration by rhythmic positive pres- 
sure through a tracheal cannula the chest was opened and the heart freed from the peri- 
cardium and placed in a cardiometer up to the coronary sulcus. Ventricular volume 
changes were recorded on a kymograph by air transmission activating a writing lever on a 
loose rubber diaphragm over a tambour of 5 cm. diameter. The system was calibrated on 
each animal with the heart in the cardiometer so that the approximate “stroke volume” 
could be read from the record. (The volume which will be referred to as stroke volume in 
this paper was actually the systolic change in external volume of both ventricles.) Ar- 
terial pressure was recorded from a carotid artery by a mercury manometer. Venous 
pressure was measured in an external jugular vein at suitable intervals by the venous inflow 
method, using a heparinized Ringers solution in the manometer system. Injections were 
made through cannulae in the femoral or jugular veins. The heart rates were counted from 
the records and “cardiac outputs” were calculated using the measurement of “stroke 
volume” as e.xplained above. 

The sodium caprylate was made up in aqueous solutions of 0.02oM to 1.5M concentration, 
adjusted to pH 7.4. The doses varied between 0.075 and 0.75 ihM per kgm. 

Results and Discussion. The Effecl of Varying Doses of Sodium Capry- 
lale . — ^The intravenous injection of 0.075, 0.225, 0.45, and 0.75 mM per kgm. 
(3 cc. per kgtn, of 0.025M, 0.075iM, 0.015M, or 0.25M) of sodium caprylate 
produces cardiovascular effects similar in the different doses but of progressively 
increasing intensity. These effects are an increase in diastolic volume with a 
less marked increase in systolic volume and a consequent increase in “stroke 
volume”, a rise in venous pressure, a moderate slowing of the heart rate, an 
increased cardiac output, and a slight rise in arterial pressure followed b 3 ’ a much 
greater fall and later bj' a gradual rise often to above the original level. These 
changes are produced in part bj' the sodium caprj-late itself and in part bj' the 
volume of fluid injected. The latter factor, which has been evaluated in our 

* This study was aided by a grant from the Fluid Research Fund of the Stanford Uni- 
versity School of Medicine. 
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experiments by the injection of the same volume (3 cc. per Kgm.) of Ringers 
solution, includes only the results to be expected from an increase in blood volume 
and consequently in cardiac filling. 

The effects of caprylate administration began immediately but their duration 
varied so that the maximum change in the different measurements of circulatory 
activity occurred at different times following the injection. All the effects 
subsided in 10 to 20 minutes. A tj-pical example is shown in figure 1. 

Because of the variation in the time course of these cardiovascular changes, 
a time had to be arbitrarily selected at which to make a quantitative comparison 



Fig. 1. The effect of 0.75 mM per kgm. of sodium caprylate on the ventricular volume 
and arterial pressure of a cat. The upstroke indicates diastole, the downstroke systole; the 
difference between diastolic and systolic volume is in cc. The injection was given between 
the arrows. 


of the effect of various doses of caprylate. Since the increase in stroke volume 
was the most regular feature of the changes observed, the moment when it 
reached its maximum was chosen as the time for all readings, and therefore 
the other readings do not necessarily represent maximal changes. 

The various doses mentioned above and an equal volume (3 cc. per kgm.) 
of Ringers solution were given to each cat in sequence with a suitable waiting 
period for recovery between injections. In successive animals the first dose in 
the sequence was changed in rotation, with the other injections following in 
order. 

The results of this series of experiments are shown in table 1 and figure 2. 
They are stated as the mean of the individual per cent changes in e.xperiments 
on 2 to 7 animals. The stroke volume is increased with increasing doses and 
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is in all cases greater tlian that with the same volume of Ringers solution. The 
heart rate was decreased with increasing doses but not enough to offset the in- 
crease in stroke volume so that the cardiac output also increased with increasing 

TABUS 1 

A comparison of the e^ecl of Eingers solution and carping doses of sodium caprylale on the 
cardiovascular system in the cal 

The volume per kgm. was the same in aJl cases. The figures are the mean values for 
the number of experiments indicated ; the per cent change is the mean of the individual 
per cent changes and not the per cent change of the mean difference given in the table. 
The figures for diastolic and sj'stolic volume are arbitrary scale readings. “Stroke 
volume" refers to the change in ventricular volume per beat as recorded by the cardiomeler 
(see “Methods”). "Cardiac output” is the “stroke volume” multiplied by the heart rate. 
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doses. The venous pressure in general increased with the dose and was regularly 
greater than the increase due to the volume of fluid injected. The arterial 
pressure was lowered to an incrc.'ising extent with increasing doses. The fact 
that those clianges do not in all cases represent maximal changes, but only the 
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per cent change when the stroke volume increase was maximal, may account 
for the failure of the values, other than those for stroke volume, to change 
progressively and uniformly with increasing dose. 



SODIUM CAPRYLATE MILLIMOLS PER KILOGRAM 

Fio. 2. A comparison of the effect of Ringers solution and varying doses of sodium capiy- 
late on the per cent change in stroke volume, cardiac output, venous pressure, heart rate 
and arterial pressure in the cat. The volume of fluid injected per kgm. was the same in all 
cases. 

The tremendous increases in stroke volume were produced by a sudden 
marked dilatation of the heart with less increase in systolic volume than in diastolic 
volume. The cardiac output was also increased even though the rate was de- 
creased slightly..-'^' '■ .increase in stroke volume and cardiac output was 
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accompanied by an increase in diastolic volume and venous pressure, it was 
at least apparently not a digitalis-like action as had been suggested by the 
work on the isolated frog heart (2). 

The fall in arterial pressure during the period of increased cardiac output 
demonstrated that the caprylate was causing ^ decrease in peripheral resistance, 
possibly by a direct action on smooth muscle in the peripheral vessels. Such 
a peripheral vasodilatation could account in part at least for the rise in venous 
pressure on the postulation of an increased venous return from the capillaries 
which would in turn cause an increase in cardiac filling, leading to the cardiac 
dilatation and increased stroke volume. The venous pressure might also be raised 
in part by a venoconstrictor action. 

The effects described were produced when the animals were in good condition. 
After several hours of artificial respiration and a series of experimental pro- 
cedures, the hearts dilated with a decreased stroke volume, a drop in arterial 
pressure, and an increase in venous pressme. When a cat was in such a con- 
dition, even the smaller doses of caprylate not only did not improve the circu- 
lation but rapidly made it worse. The heart dilated still further and its systolic 
ejection was decreased to very low levels. The heart rate decreased markedly 
and extrasystoles and other arrhythmias often appeared. The arterial pressure 
quickly dropped almost to zero. Complete stoppage of the heart usually oc- 
curred, under such conditions, uithin 5 minutes after the caprylate was injected. 
This lethal effect was the same regardless of the conditions under which the 
preliminary cardiac failure was produced, i.e., whether it followed improper 
adjustment of the artificial respiration, repeated doses of caprylate, or injection 
of very large quantities of Ringers solution. A comparison was made with 
Lanatoside C (kindly furnished by the Sandoz Chemical Works, Inc.) in a dose 
of 0.1 mgm. per kgm. The latter caused dilated hearts to increase their stroke 
volume while decreasing their diastolic volume. This increase in the effective- 
ness of the heart was reflected in a rising arterial pressure and a decreasing 
venous pressure, results quite imlike those obtained with the caprjiate. 

The Effect of Caprylate on Stroke Volume at a Given Diastolic Volume . — It 
was thought that the peripheral effects of the sodium caprylate might be masking 
a possible digitalis-like action on the heart, an action that was manifest in the 
experiments on the frog hearts because they were working under conditions of 
constant venous pressure. and peripheral resistance. Therefore a second series 
of e.xperiments was carried out to determine the effect of caprylate under con- 
ditions of controlled diastolic volume. 

First a dose of 0.75 mM per kgm. of 1.5M sodium caprj'late was given, the 
more concentrated solution being used to minimize the effect of the volume of 
fluid injected. The maximum diastolic volume was recorded and the animal 
allowed to recover. Then lingers solution was forced rapidly into the vein 
until the diastolic volume reached the maximum attained during the response 
to caprylate. Pairs of measurements were made of stroke volumes with capiw- 
late and with Ringers when diastolic volumes were equal. Twentj'-six pairs 
of data were taken from 11 cats. Tlicy show a tendency for the stroke volume 
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per cent change when the stroke volume increase was maxiinal, may account 
for the failure of the values, other than those for stroke volume, to change 
progressively and uniformly wth increasing dose. 



Fig. 2. A comparison of the effect of Kingers solution and varying doses of sodium capry- 
late on the per cent change in stroke volume, cardiac output, venous pressure, heart rate 
and arterial pressure in the cat. The volume of fluid injected per kgm. was the same in all 
cases. 

The tremendous increases in stroke voliune were produced by a sudden 
marked dilatation of the heart with less increase in systolic volume than in diastolic 
volume. The cardiac output was also increased even though the rate was de- 
creased slightly. Since the increase in stroke volume and cardiac output was 
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accompanied by an increase in diastolic volume and venous pressure, it was 
at least apparently not a digitalis-like action as had been suggested by the 
work on the isolated frog heart (2). 

The fall in arterial pressure during the period of increased cardiac output 
demonstrated that the caprylate was causing ^ decrease in peripheral resistance, 
possibly by a direct action on smooth muscle in the peripheral vessels. Such 
a peripheral vasodilatation could account in part at least for the rise in venous 
pressure on the postulation of an increased venous return from the capillaries 
which would in turn cause an increase in cardiac filling, leading to the cardiac 
dilatation and increased stroke volume. The venous pressure might also be raised 
in part by a venoconstrictor action. 

The effects described were produced when the animals were in good condition. 
After several hours of artificial respiration and a series of experimental pro- 
cedures, the hearts dilated with a decreased stroke volume, a drop in arterial 
pressure, and an increase in venous pressure. When a cat was in such a con- 
dition, even the smaller doses of caprylate not only did not improve the circu- 
lation but rapidly made it worse. The heart dilated still further and its systolic 
ejection was decreased to very low levels. The heart rate decreased markedly 
and extrasystoles and other arrh 5 rthmias often appeared. The arterial pressure 
quickly dropped almost to zero. Complete stoppage of the heart usually oc- 
curred, under such conditions, uithin 5 minutes sdter the caprylate was injected. 
This lethal effect was the same regardless of the conditions under which the 
preliminary cardiac failure was produced, i.e., whether it followed improper 
adjustment of the artificial respiration, repeated doses of caprylate, or injection 
of very large quantities of Ringers solution. A comparison was made with 
Lanatoside C (kindly furnished by the Sandoz Chemical W'^orks, Inc.) in a dose 
of 0.1 mgm. per kgm. The latter caused dilated hearts to increase their stroke 
volume while decreasing their diastolic volume. This increase in the effective- 
ness of the heart was reflected in a rising arterial pressure and a decreasing 
venous pressure, results quite unlike those obtained with the caprylate. 

The Effect of Caprylate on Stroke Volume at a Given Diastolic Volume . — It 
was thought that the peripheral effects of the sodium caprylate might be masking 
a possible digitalis-like action on the heart, an action that was manifest in the 
expieriments on the frog hearts because they were working under conditions of 
constant venous pressure, and peripheral resistance. Therefore a second series 
of e.xperiments was carried out to determine the effect of caprylate under con- 
ditions of controlled diastolic volume. 

First a dose of 0.75 mM per kgm. of 1.5M sodium caprylate was given, the 
more concentrated solution being used to minimize the effect of the volume of 
fluid injected. The maximum diastolic volume was recorded and the animal 
allowed to recover. Then Ringers solution was forced rapidly into the vein 
until the diastolic volume reached the maximum attained during the response 
to caprylate. Pairs of measurements were made of stroke volumes with capry- 
latc and uith Ringers when diastolic volumes were equal. Twenty-six pairs 
of data were taken from 11 cats. They show a tendency for the stroke volume 
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to be greater when the cardiae dilatation was induced by caprylate than when it 
was induced by Ringers solution, the means being 4.12 and 3.85 mis. respectively. 
The arterial pressures against which the hearts were discharging these stroke 
volumes averaged 124 mm. Hg after caprylate as compared uith only 99 mm. 
Hg after Ringers solution. Accordingly, the work done by the heart per beat, 
roughly estimated by the product of the stroke volume and the arterial pressure, 
is approximately one-third greater when a given diastolic volume is evoked by 
caprylate than when the same diastolic volume is evoked by saline injection. 
Thus there is some evidence that caprylate has a digitalis-like effect on the mam- 
malian heart similar to that on the frog heart although usually such cardiac 
effects are obscured by a greater effect on other parts of the circulatory system. 

The Effect of Caprylate on Diastolic Volume at a Given Venons Pressure . — 
Since various doses of sodium caprylate increased the diastolic volume more 
than the injection of an equal volume of Ringers solution, the question of the 
cause of this cardiac dilatation arose. The possibility that the capr 3 'late increased 
the distensibility of the heart muscle directly was explored in a third series of 
ex-periments. Again 0.75 mM per kgm. of 1.5M caprjdate was given and the 
animal allowed to recover. Then Ringers solution was force rapidlj^ into the 
femoral vein until the venous pressure at the external jugular equalled the maxi- 
mum venous pressure obtained under the influence of caprylate. Pairs of 
measurements were made of diastolic volume under caprylate and under Ringers 
solution when the venous pressures were equal. The heart rates were also 
approximately equal (averaging 166 uith caprjdate and 170 \vith Ringers 
solution). Fourteen such pairs of data were obtained from 5 cats, the mean 
scale readings for diastolic volume (this is not an actual volume) being 8.17 
and 7. 70 respectively. Since the systolic volumes differed in the same direction 
and to approximately the same e.xtent (being 4.91 imits uith caprylate and 4.40 
■with Ringers solution), the small difference in diastolic volumes cannot be 
construed as evidence for a greater diastolic distensibility of the ventricular 
muscle under the influence of caprjdate. It seems then that the changes in 
diastolic volume produced by sodium caprylate are primarily a reflection of 
the peripheral effects on venous return and venous pressure, the mechanism 
of which is not known. 


CONCLUSIONS 

These experiments show that, while sodium caprjdate has an action resembling 
that of digitalis on the isolated frog heart, and possibly on the cat heart in the 
latter this effect is concealed by a greater action on peripheral vessels. This 
latter effect may be a dilatation of the arterioles, an opening of arteriovenous 
connections or venoconstriction, or some combination of these; in any event, 
it results in decreased arterial pressure and increased venous pressure which 
in turn causes increased diastolic and stroke volumes, and a rise in cardiac 
output. The effect on the peripheral vessels could be either a direct action 
on their smooth muscle or one mediated through nervous mechanisms. 

Furthermore, when caprylate is given to a cat whose heart is already dilated 
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and weak, it causes rapid death due to further cardiac dilatation \vith failing 
output. This is in sharp contrast to the greater effect which digitalis prepa- 
rations have on failing hearts. Accordingly, such di^talis-like effect as capry- 
late may have in mammalian hearts is not such as to deserve consideration as 
a therapeutic agent in cardiac failure. 

The increase in venous pressure’ is of considerable interest. Vasodilator 
substances, such as the nitrites, commonly cause a fall in venous pressure and 
cardiac output. Caprylate, however, while clearly a vasodilator agent, causes 
a rise in venous pressure and an increase in cardiac output. It may prove 
of value to have a substance with this unusual combination of effects for use in 
the analysis of various circulatory states. 

SUMMARY 

1. Sodium caprylate injected intravenously into cats in doses of 0.075 to 
0.75 mM per kgm. causes an immediate temporary dilatation of the heart, 
increased stroke volume, cardiac output and venous pressure, and a decreased 
heart rate and arterial pressure. 

2. The effects are qualitatively the same with varying doses and vary in a 
roughly quantitative way with the dose. 

3. There is a small increase in stroke volume with caprylate over that shown 
when the diastolic volume is increased to an equal degree by injection of Ringers 
solution. Since the arterial pressure with caprylate is also greater than with 
Ringers solution, the work done by the heart per beat at constant diastohc volume 
is greater with caprylate than with Ringers solution. Accordingly, caprylate 
may be said to show a digitalis-like action on the cat heart. 

4. Since there is no detectable increase in the diastolic distensibUity of the 
ventricular muscle, nor any impairment of the force of systolic contraction, 
the dilatation of the heart is to be attributed to the increase in venous return. 

5. It is suggested that sodium caprylate has a peripheral vasodilator action 
which masks its digitalis-like effect on the heart. This is one possible cause 
of the rise in venous pressiue. 
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The toxin of Clostridium botulinum causes diplopia, blepharoptosis, loss 
of accomodation, dilatation of pupils, facial weakness, decreased salivation, 
respiratory weakness, difficulty in swallowing, chewing and talking, as well 
as generalized and often extreme weakness and fatigability (1-8). The 
effect of the toxin of CL bolulinum has been said to be curare-like (5-7, 9). 
The term “curare-like effect” is usually used to describe a dysfunction at the 
myoneural junction, manifesting itself in decreased ability of the muscle to 
respond to indirect stimulation and unaltered ability of the muscle to respond 
to direct stimulation. However, an apparent curare effect may result from 
involvement of different mechanisms: 1) by prevention of the action of acetyl- 
choline on striated muscle (as does curare) and 2) by inhibition of acetylcholine 
S3mthesis (10). 

In the folloTiing an attempt was made to ascertain whether to.xins of Cl 
botulinum modify either or both of these processes. 

A. Effect on Muscle Contraction Induced by Acetylchoune. The 
effects of the toxins and of d-tubocurarine on the response of striated muscle 
to acetylcholine were investigated following a method described previously (H)- 
Shortening of the rectus abdominis muscle was induced by immersion in a 
frog Ringer’s solution containing acetylcholine bromide (50 pg per 100 cc.) 
for 2 minutes. (In tw'o minutes the muscle has reached almost maximum con- 
traction.) The shortening of the muscle was registered by an isotonic lever 
on a k 3 Tnograph. After stabilization, between two shortenings induced by 
the acetylcholine solution, instead of washing with Ringer’s solution for 10 
minutes, the muscle was washed for 5 minutes and was immersed for 5 minutes 
in Ringer’s solution containing one of the substances to be investigated (pH 7). 
The substances did not induce muscle contraction. 

Control. Muscles were immersed only in Ringer’s solution and shortening 
was induced with the acetylcholine solution as described above. The repeatedly 
induced shortenings, each lasting two minutes, w-ere of the same magnitude for 
at least three hours. This period of time was longer than the duration of the 
experiments described. 

• This study was aided by a grant from the John and Mary R. Markle Foundation. 
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Calculation. The amount of shortening of muscle after immersion in the solution of the 
compounds was expressed as percentage of the amount of shortening of the same muscle 
before immersion. All results deviating from 100 per cent by more than twice the square 
root of the sum of the squares of the standard error of the controls and the standard error of 

the experiments were consider ed significant 

2\/ S.E.’(control) + S.E.*(experiment) 

The S.E.(control) was ±1.3. 

Results. The rectus abdominis muscle was immersed in solutions containing 
the toxin of Cl. botulinum (Type A and B) in concentrations from 1 to 100 
LDm’ and 10,000 LDso per 100 cc. of Ringer’s solution. The response of the 
muscle to acetylcholine was not modified by concentrations from 1 to 100 
LDjo. The response of muscle to acetylcholine increased after immersion in 
solutions containing 10,000 LDjo toxin per 100 cc. of Ringer’s solution. The 
shortening was 122 =b 2.0 per cent (average of 10 e.xperiments) after immersion 
in a solution of toxin Type B(No. — 199) and was 131 ± 3.0 per cent (average 
of 10 e.xperiments) after immersion in a solution of toxin Type A(No.A-213 3). 

On the other hand, the response of the muscle to acetylcholine decreased 
after immersion in solutions of d-tubocurarine. The shortening was 82 ± 1.1 
per cent after immersion in a solution containing 0.01 mgm. of d-tubocurarine 
per 100 CO.; 49 db 0.9 per cent after immersion in a solution of 0.1 mgm. per 
100 CO.; and 8 ib 0.5 per cent after immersion in a solution of 1 mgm. per 100 cc. 
(average of 10 experiments for each group). 

B. Effect of Toxins on Acetylcholine Si’nthesis. I. Frog Brain. 
a) Aerobic Experiments. The effects of toxins on the synthesis of acetylcholine 
were investigated using a modified method of Quastel, Tennenbaum, and TMieat- 
ley (12, 13). Mixtures containing varying amounts of the toxins (pH adjusted 
to 7.4), minced fresh frog brain (100 mgm.), physostigmine salicylate (3 mgm.), 
and frog-Ringer’s solution (3 cc.) were shaken and were incubated aerobically 
for 4 hours at 37° C. After incubation, the amoimt of acetylcholine synthesized 
was assayed biologically on the sensitized rectus abdominis muscle of the frog. 

Control. Incubated mixtures containing frog brain, physostigmine, Ringer’s 
solution, and boiled toxin in varying amounts sensed as controls. 

Calculation. The amount of acetylcholine synthesized was calculated by 
subtracting from the acetylcholine content of incubated mixtures, the acetyl- 
choline content of identical non-incubated mixtures. The amount of acetyl- 
choline synthesized in the mixtures containing boiled toxin was taken as 100 
per cent. The acetylcholine content of the mixtures containing the various 
toxins used was expressed as per cent of the control. 

Results. The results are given in Table 1. The synthesis of acetylcholine 
decreased in the presence of small amounts of the toxins. A 20 per cent decrease 
was found in the presence of 0.1 LDja (mouse) toxin per 100 mgm. of frog brain. 
Minced brain contains a largo number of intact cells. The enzyme that syn- 

' I.Dio (mouse) is the amount of toxin that killed SO per cent of mice (12 groups of 4 mice 
each) witliin 4 days after an intrapcritonc.al injection. The factors (0.1-10,000) express 
multiples of the amount of LD,ii . 
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thesizes acetylcholine is intracellular. To achieve a better disruption of the 
brain cell structure a homogenate of frog brain was prepared by the apparatus 
of Potter and Elvehjem (14). The toxin was incubated with the homogenate 
and the synthesis of acetylcholine was ascertained as described above. The 
inhibition of acetylcholine synthesis in the homogenized brain was greater than 
in the mixtures containing minced brain (Table 1). 

b) Anaerobic Experiments. A series of experiments was also performed 
under anaerobic conditions since there is some e\’idence that the enzjTne utilizes 
different precursor substances under aerobic conditions than imder anaerobic 
conditions (15). The results are given in Table 1. The percentage decrease 
in the synthesis of acetylcholine in these anaerobic experiments was similar to 
that in the previously described aerobic experiments. 

TABLE 1 

Effect of toxins on acetylcholine synthesis 

I AMOtJNT or ACETYIOnOLINZ SYKTBXStlXD fm CCKT OT CONTROL; 
EACH NOUBEK EEPTIESENTS THE AATRAGE OE TEH SEEAEATE 
EEPEEDIEHTS) 

Amount ol toxin (LDtt mouse) Added to tOO mgra. frog brain: 
lOO 10 1 

35 ±2.9 49 ±2.6 73 ±2.1 

39 ±1.3 70 ±1.4 

30 ±4.0 44 ±2.2 60 ±3.4 

24 ±3.3 
19 ±4.2 


25 ±3.2 33 ±3.9 58 ±3.5 
21 ±2.8 30 ±2.7 50 ±2.8 

II. Mouse Brain. The effect of the toxin of Cl. boiulinum Type B on the 
synthesis of acetylcholine by mouse brain was investigated to ascertain whether 
this toxin also modifies the activity of the enzyme obtained from brain of warm- 
blooded animals. The experiments were performed as described above, except 
that one-half of the minced mouse brain was used as the control and the other 
half as the experimental specimen (division occurred after mincing, by weight). 
The brain was suspended in Locke’s solution instead of Ringer's solution and 
was incubated aerobically. 

In the presence of '12 LDjo of toxin of Cl. boiulinum the synthesis of acetyl- 
choline was markedly reduced; with Type B (Batch No. B-195 j?3) to 54 ± 2.7 
per cent (average of 10 mice), and (Batch No. B-199) to 60 ± 3.0 per cent 
(average of 10 mice), of the control value. 

III. Effect of Toxin Injected Into Mice on the Synthesis of Acetylcholine. Mice 


SO ±1.5 
79 ±1.2 
77 ±2.0 


TOXINS 


Aerobic Incubation 
Minced brain 

Type A (No. A-213#3) 

Tj-pe B (No. B-195«3) 

Type B (No. B-199) 

Homogenised brain 

Type A (No. A-213)i!3) 

Type B (No. B-199) 

Anaerobic Incubation 
Minced brain 

Type A (No. A-213#3) 

TypeB (No. B-195 ;«3) 
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were injected with 1 LDso dose of the toxin. The mice were killed by severing 
the head from the body the third day after subcutaneous injection of the toxin. 
The brain was removed, weighed, and minced. Half of the brain was suspended 
in Locke’s solution (3 cc.) and physostigmine salicylate (3 mgm.) was added. 
The amount of acetylcholine synthesized by brain of non-injected mice taken 
from the same batch of animals served as control. 

Brain obtained from the injected animals synthesized less acetylcholine 
(60 db 3.3 per cent (average of 15 mice)) than brain of non-injected animals. 

DISCUSSION 

The toxin of Cl. hoiulinum is one of the most potent agents known to decrease 
acetylcholine synthesis. One MLD (mouse) of purified Type A to.xin contains 
only 8.3 X 10"° mgm. nitrogen (16). There is some evidence that the enzyme 
for the synthesis of acetylcholine utilizes different precursor substances under 
aerobic conditions as compared with anaerobic conditions (15). The similarity 
in the amounts of decrease of acetylcholine synthesis under both aerobic and 
anaerobic conditions suggests that the toxin affects the enz 3 Tne and not the sub- 
strate. 

Small amoimts of the toxins were sufficient to decrease the synthesis of acetyl- 
choline in both in vivo and in vitro experiments. The inhibition in vivo was 
not complete, probably because the cell components protect the intracellular 
enzyme from contact with the tojdn. Such incomplete inhibition of acetyl- 
choline synthesis may explain why animals so poisoned show responses of the 
effector apparatus when the nerve is stimulated. 

The effect of the toxin of Cl. hoiulinum has been considered to be like that 
of curare (5-7, 9). The above experiments indicate that the defect is more 
like that induced by agents that interfere with acetylcholine synthesis. Sub- 
stances that decrease acetylcholine synthesis cause functional defects at the 
myoneural junction (10), though these substances, in contrast to curare, usually 
do not decrease the response of striated muscle to acetylcholine. The above 
experiments make it appear likely that the toxin of Cl. boiulinum in causing 
paralysis acts mainly by decreasing acetylcholine synthesis. 

SUMMARY 

1. The effects of toxins of Cl. boiulinum, Tj^pes A and B, on the sjnthesis 
of acetylcholine and on the responsiveness of striated muscle to acetylcholine 
were investigated. 

2. The synthesis of acetylcholine decreased in the presence of the toxins. 

3. The responsiveness of striated muscle to acetylcholine was not modified 
by low concentrations of the to.xins (from 1 to 100 LDjo per 100 cc. Ringer’s 
solution) and was moderately increased by high concentrations of the to.xins 
(10,000 LDso per 100 cc.). 

4. It is suggested that decreased acetylcholine synthesis, as far as it is relevant 
to myoneural fimction, is mainly responsible for the “functional paralysis” 
observed in animals affected by the to.xins of Cl. boiulinum. 
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The veratrum alkaloids, apart from their intrinsic interest as substances with 
particular pharmacological properties, are beginning to become useful in the 
analysis of physiological responses in the mammalian organism. While the 
“veratrinic responses” of nerve and muscle have been familiar objects of in- 
vestigation, the cardiovascular and respiratory actions of these alkaloids have 
not been studied so intensively. In 1867, von Bezold and Hirt (1) observed 
that the fall of blood pressure and heart rate which followed the intravenous 
injection of veratrine was abolished by cutting the vagi. They considered this 
action to be of reflex nature. On the ba-sis of experiments using an innervated 
dog heart-lung preparation with separate perfusion of the head, Krayer, Wood 
and Montes (2) concluded that this reflex originates predominantly in the viscera 
of the chest. According to Jarisch and Richter (3), and Richter and Amann 
(4), the most important part of the impulses for the vasodepressor reflex come 
from the myocardium of the ventricles, and only a minor proportion from the 
lungs. These conclusions were based on experiments in cats in which veratrine 
was injected before and after interruption of the afferent cardiac branches of 
the vagus, by section or by local anesthesia; and on e.\'periments in which vera- 
trine was injected into the left pulmonary artery during occlusion of the cir- 
culation through the left lung. Krayer and Acheson (5) in their review of the 
pharmacology of the veratrum alkaloids emphasized the caution required in the 
interpretation of these results because of the diflSculty of separating experi- 
mentally receptor areas in the atria and ventricles from those already recognized 
in and around the great vessels. The work of Amann and Schaefer (6), which 
was not known to Krayer and Acheson when -^vriting their review, shows that 
various afferent fibres can be found in the cardiac branches of the vagus, which 
carry bursts of electrical activity in phase with the heart beat, and which can 
be caused to fire off continuously by the injection of veratrine. 

In this paper a somewhat different experimental approach has been used, 
viz., injection of small quantities of the veratrum alkaloids into the vascular 
supply of the heart and lungs in order to localize the receptor areas more closely. 
Tile results obtained confirm the conclusion that the heart is the principal site 
of action and suggest that the afferent impulses arise predominantly from the 
left ventricle. 

' The expenses for animals used in this study were defrayed from grants received from the 
Itockefeller Foundation and from Invin, Ncislcrand Company, Decatur, Illinois. 

* Rockefeller Travelling Fellow. 
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Methods. Perfusion of the main coronary arteries. This preparation was deWsed in 
order to facilitate the injection of drugs into the coronary arteries. It is evidently similar 
to that referred toby Gregg and Shipley (7) in dogs. In dogs* the whole left coronary arteo’ 
and in cats both left and right coronary arteries were perfused. The animal was anes- 
thetized with chloralosc (O.OS mg./kgm.) or pentobarbital* (25 rog./kgm. intravenously, 
35 mg./kgm. intraperitoneally) and the chest opened under artificial respiration. A 



Fig. 1. Diagram of preparation for injecting substances into the left coronary artery 
in the cat. The left carotid artery (L. C. A.) is connected by a cannula (a) and a flexible 
rubber tube to a glass tube passed down the left subclavian artery (L. S. A.) and tied into 
the mouth of the left coronary artery. The glass tube used is shown in lateral (b) and an- 
tero'posterior (c) views, (reduced to | of natural size.) 


ligature was passed around the origin of the coronary artery to be perfused. In cats this 
was usually simple, though sometimes the left coronary artery had a multiple origin from 
the aorta which made the preparation impossible. In dogs it was much more difficult on 
the left side, because of the high origin of the septal artery at the bifurcation into left 
circumflex and anterior descending branches. A short length of the left subclavian artery 
was prepared, the animal was given heparin* 3-5 mg./kgm. intravenously, and a cannula 


» The Sodium pentobarbital was generously supplied by Abbott Laboratories, North 
Chicago, minois. 

* The heparin used in this study was supplied by Eli Lilly and Company, Indianapolis, 
Indiana through the kindneas of Dr. K. K. Chen. 
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tied into one carotid artery. The latter was connected by a XJ-piece and a short length of 
flexible rubber tubing to a glass tube shaped to fit the curves of the left subclavian artery 
and ascending aorta. This tube was pushed gently down the subclavian artery and guided 
by touch into the mouth of the coronary artery, where it was tied. The circulation through 
the coronary artery was not interrupted during this procedure, and the blood pressure and 
electrocardiogram were unaltered, provided that the tube was a good fit. Any drug injected 
into the fle.vible rubber tubing was then carried directly into the coronary artery (fig. 1). 
The left subclavian artery was selected for this purpose because it is so much larger than the 
carotids in the cat; a proportionately larger glass tube could therefore be used, offering 
less resistance to the flow of blood. Equally good results in the dog were obtained by 
passing a glass tube straight down the left carotid from just above the bifurcation. 

A further elaboration of this method was devised in eats under light pentobarbital anes- 
thesia, by closing the chest after the cannula had been tied in, and restoring normal respira- 
tion. For this purpose the cheat was opened about 4 cms. to the left of the midline between 
the 4th and 5th ribs, and an adequate exposure was obtained by inserting a self-retaining 
rib retractor and pulling the incised pericardium towards the left. After the left coronary 
artery had been prepared, the left subclavian artery was approached extrapleurally as it 
bent round the first rib beneath the pectoral muscles. When the glass tube had been 
secured in the left coronary artery, the chest was closed in layers and normal respiration 
restored. The animals appeared in even better condition than those in which the chest was 
left open. 

' Perjusion of individual branches of the coronary arteries in the dog. These preparations 
were used in order to make repeated injections into branches of the coronary arteries 
without disturbing the heart. The dog was anesthetized with chloralose or pentobarbital 
and the chest opened under artificial respiration. In order to obtain adequate access to 
the left coronary artery it was convenient to split the chest open between the 4th and 6th 
ribs on the left side. The artery to be perfused was then cleaned for a short distance and, 
after injection of 3-5 mg./kgm. heparin, was connected to either an internal mammary 
artery, or to one of the common carotids by a flexible rubber tube. Since interruption of 
the coronary flow for a short while was apt to precipitate ventricular fibrillation, speed was 
essential in inserting the cannula once the coronary artery had been tied. There was 
usually a temporary fall of blood pressure and a change in the electrocardiogram, both of 
which returned to normal within 15 to 30 seconds provided that the flow of blood was re- 
stored within half a minute or less. 

Figure 2 illustrates the arrangement of cannulae used in comparing the action of veratri- 
dine on injection into the right coronary artery (a), the left circumfle.v artery (b) and the 
left superior atrial artery (c) which is identical with the ramus atrialis sinister anterior of 
hfeek, Keenan and Theisen (8). The latter arrangement is essentially the same as that 
described by Smith and Layton (9). There aro two minor points of difference. Firstly it 
should be observed that the left superior atrial artery (labelled Lt. ant. aur. in their fig. 1) 
usually supplies the left atrium, and very often the right atrium too, as well as the left 
auricular appendage. Secondly the small length of the left circumflex artery between the 
cannula and the left superior atrial artery conunonly gives off several small twigs (shown in 
Fig. 2) to the left ventricle. Attempts were always made to tie these twigs, not always 
successfully since some arise posteriorly; the results were checked at the end of the experi- 
ment by injection of a black dye. 

Exteriorired heart. This preparation resembles in principle that described by Drinker 
(10), but differs in some important details. Seven cats weighing from 1.9 to 3.4 kgm. were 
used, under chloralose (O.OS gm.A'Em.) or pentobarbital anesthesia (25 mg.Agm. intraven- 
ously after ether induction). Artificial respiration was begun, the pectoral muscles re- 
tracted widely and the chest opened, 1 to 1 J cms. to the left of the midline between the 5th 
and Cth ribs, using eleetrio cautery. The incision was continued 2-3 cms. laterally. If the 
cats were large enough 13 kgm. or more) this exposure was adequate; otherwise a small 
portion of the 6th rib was removed after the underlyng vessels had been secured bj’ ligatures 
'round the rib. The pericardium was picked up with Imemostats, and the anterior modi- 
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astinum separated from it as far as possible in order to increase the mobility of the heart. 
A small incision was made in the pericardiiun in the lino of the ribs, and after slay sutures 
had been inserted at either end to secure it, the pericardium was inverted over the hole in the 
chest by a continuous suture, ensuring an airtight seal. In order to restore negative 
intrathoracic pressure, air was sucked out of the chest with a syringe, artificial respiration 
was discontinued and the pectoral muscles and skin sewn around the hole. The heart was 
not displaced from the chest cavity {cp. Drinker) and the exposure was therefore consider- 
ably less, yet it was easy to identify the right ventricle, the pulmonary artery and the left 
ventricle and to inject drugs by means of a fine needle into these cavities without interfering 
with respiratory movements. It was found that excessive tension on the pericardium 
caused a fall of blood pressure and the greatest care was taken to avoid this; in the experi- 



Fip. 2. Left lateral diagram of preparation for simultaneous perfusion of the coronary 
arteries of the dog. Cannulae are shown in the right coronary artery (a); the peripheral 
end of the left circumflex (b) ; and the central end of the left circumflex (c) which now feeds 
only the left superior atrial coronary artery. The aorta, pulmonary artery (P. A.) and 
pulmonary veins (P. V.) have been divided. 

meats reported the mean arterial blood pressure was from 100-160 mm. of mercury after the 
preparation had been completed. 

Veratridine was chosen for the present investigation not only because it was available in 
sufficient quantities, but because a considerable amount of preliminary work had already 
been carried out upon the localization of its site of action, and because the reports suggested 
that repeated injections in the dosage range required did not elicit responses decreasing in 
magnitude (tachyphyllaxis) so rapidly as those of some of the other veratrum alkaloids. 
All doses of the alkaloids refer to the bases. The veratridine was that prepared by Pro- 
fessor R. P. Linsfead and DrjD. Todd, and used by Moe and Krayer in 1943 (11) and sub- 
sequently; it had a rotation of fo] Hg = + 7 - 7 ’’ (c = 2.5 in 95% ethanol) and had no sharp 
melting point, decomposing at 170-178°. The protoveratrine was that prepared by Dr. W. 
A. Jacobs and used by Krayer, Moe and Mendez (12); it had a rotation of [aj S = -8.5° 
c = 1.99 in chloroform) and decomposed at about 273° (uncorr.) after discoloration. The 
cevadine was prepared by Professor K. P. Link and had a rotation of [a] S ■= '-H0.7“ (c = 
6.0 in ethanol). 
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Results. I. Localization of the principal site of action to the coronary arteries. 
1. Veratridine. The folloiving experiments were designed to localize the prin- 
cipal site of action of veratridine more accurately by injection of the drug into 
the various cavities of the heart. Cats were anesthetized with chloralose or 
pentobarbital and the chest opened during artificial respiration. The blood 
pressure was recorded from the left carotid artery and the heart rate from an 
ink-writing electrocardiograph. In six cats it was found that injection of 5-20 
micrograms veratridine into the femoral or jugular veins caused less fall of 
blood pressure and heart rate, with a longer latency, than when the same dose 
was injected into the cavity of the left ventricle. Injection of the same quantity 
of veratridine into the aorta by a fine needle pushed through the wall of the 
aorta a few mms. above the origin of the coronary arteries had no effect on blood 
pressure or heart rate. Precisely similar observations were made on three dogs 



Fio.S.DogS.S kgm. Pentobarbital. Blood pressure recorded by a membrane manom 
eter from femoral artery; heart rate from ECG in beats per minute indicated by figures 
beloiv pressure tracing. Injection of 0.2 niicrograms veratridine into the main left 
coronary artery (L C.) causes a greater fall of blood pressure and heart rate than 2.0 mi- 
crograms in the cavity of the left ventricle (L. V,). Ti me in 10 second intervals. 

under chloralose anesthesia. These findings strongly suggested that veratridine 
caused a fall of blood pressure and heart rate principally by its action on some 
structure in the area of distribution of the coronarj' arteries. 

In order to demonstrate that veratridine evokes a depressor and cardio- 
decelerator reflex from the coronarj'arteries, it was injected into the right coronary^ 
artery in 8 cats, and into the left coronary' artery in G cats and 3 dogs with the 
chest open and in 2 cats m'tli the chest closed. In these animals veratridine 
caused a fall of blood pressure and heart rate in a dose of from 0.1-0.25 micro- 
gram, that is between ^ and jV of the minimal effective dose injected into the 
cavity of the left ventricle (fig. 3). These observations warrant the conclusion 
that the principal receptors of the veratridine depressor and cardio-dccelerator 
reflex arc located within the area of distribution of the coronary arteries. 

The site of action of veratridine wa.s still further circumscribed by injection 
into the various branches of the coronary arteries. In 4 dogs injection of 0.25- 
1.0 microgram veratridine into the left anterior descending coronaiy artery' 
(cither at it.“ origin or up to 4 cms. from its origin) caused a fall of blood pre.ssurc 
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and heart rate, which was abolished by cutting the vagi. The minimal effective 
dose in these experiments on injection into the cavity of the left ventricle was 
from 2.5-10.0 micrograms veratridine. The area supplied by this artery, 
therefore, contains receptors for the reflex. 

The septal artery, which arises at the bifurcation of the main left coronary 
artery into left anterior descending and left circumflex, is inaccessible, but 
injection into the left circumflex arteij’’ caused a fall of blood pressure and of 
heart rate in more than 20 dogs (figs. 4 and 7). The minimal effective dose was 
0.1 microgram veratridine; repeated injections of the same dose gave less and 
less effect, and the effect was abolished by vagotomj*. It was also much reduced 
by cutting the branches of the vagus which run across the left auricle to reach 
the left ventricle and the branches which curve under the pulmonary artery at 
the origin of the left coronary artery to spread over the left ventricle. 

In 2 dogs veratridine was injected into large branches of the right coronary 
artery supp^ung the right ventricle only (as shmvn by subsequent injection 
of a dye). In 6 dogs veratridine was injected into the right coronarj’- arteij' 
at or near its origin from the aorta. In none of these experiments did the injec- 
tion of veratridine have anj- action on the cardiovascular system, even in doses 
up to twenty times those causing a large response on injection into the left 
circumflex artery of the same animal. 

In 9 dogs veratridine was injected into the left superior atrial arterj* (see 
under hlethods). In 5 the veratridine elicited no response even in a dose 20 
times the minimal effective dose in the left circumflex arterj"; in 2 of these the 
artery supplied the left auricular appendage or the upper portion of the left 
atrium onlj" as shown bj' dj'e injection, in the other three it supplied the upper 
part of the left and the right atria, reaching up bej"ond the entrance of the 
azygos vein into the superior vena cava. In the remaining 4 dogs veratridine 
caused a fall of blood pressure and heart rate, and in all of these injection of the 
dye showed that the small portion of the circumflex arteiy between the cannula 
and the left superior atrial arterj" gave rise to vessels suppljdng the left ventricle 
which had not been ligated. 

The eridence suggests therefore that veratridine elicits in a dose of 0.1-0.25 
microgram a cardio-decelerator and depressor reflex on injection into the arterial 
supply of the left ventricle. The right coronary artery, which supplies by far 
the greater part of the right ventricle and right atrium, has been eliminated as a 
possible site of action, as has also the left superior atrial artery. The middle 
and inferior left atrial arteries are difficult of access for separate perfusion. 
While it is knorni from the work of Moore (13) that the left circumflex coronary 
artery in the dog gives a small supplj" to the right ventricle, the lower part of 
the right atrium and (occasionally) the inferior vena cava, as well as to the left 
atrium, injection of veratridine into the other vessels wliich supply these struc- 
tures was without effect, and by far the greater proportion of the blood supplied 
by this artery" goes to the left ventricle. The e\"idence of these experiments is 
therefore in favour of the conclusion that veratridine elicits a depressor and 
cardio-decelerator reflex from the left ventricle. It maj" be observed in passing 
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that these injections of veratridine had no effect on the electrocardiogram other 
than that which would be expected from a reflex slowing of the heart rate. 

2. Cevadine and proloveralrine. The circulator}’’ actions of the three veratrum 
alkaloids cevadine, protoveratrine and veratridine are similar in that they have 
all been shown to cause a fall of blood pressure and heart rate on injection into 
a dog heart-lung circuit which is left in nervous connection with the separately 
perfused head; this action is abolished by vagotomy. Their relative activity 
Was therefore compared on injection into the left circumflex artery of three 
dogs. Like veratridine, both cevadine and protoveratrine caused a fall of 
blood pressure and heart rate in a dose far smaller than that required on intra- 
venous injection. The minimal effective dose of cevadine was about three 
times that of veratridine. Protoveratrine, although its minimal effective dose 
W’as about the same as that for veratridine, had a much more prolonged action. 
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i^,J^l°-LDog7.8kgm. Pentobarbital. Record of heart rate (beats per minute) above and 
Diooa pressure below. Injection of 0.25 microgram protoveratrine (P) into the left circum- 
nex coronary artery causes a more prolonged fall of blood pressure and heart rate than 0.25 
microgram veratridine (V). Time in 10 second intervals. 

which also reached its maximum more slowly (fig 4). This is in accord with 
the observations of Krayer, Rloe and Mendez (12) on the action of protoveratrine 
in the intact animal. 

3. Nicoluie. Kicotine in a dose of from 5-50 micrograms injected into the 
lelt circumflex coronar}’ artery of dogs also caused a fall of blood pressure and 
heart rate (fig. 7)^ which was abolished by cutting the vagi. The analysis of 
the site of action was not so simple as with the veratrum alkaloids, since injection 
of the same dose of nicotine into the cavity of the left ventricle had a similar, 
hough smaller, effect. However, the latent period between injection of nicotine 
tnto the left circumflex artery and the beginning of the decrease of heart rate 
(recorded on the ECG) was the same as that obsen'cd after injection 
. '■'^ratridine. Injection of the same dose of nicotine into the right auricle or 
^ight Ventricle had no action on the circulation. By far the greater part of the 
’"cotine injected into the left circumflex artery must have been carried by the 
Wroiiarj’ sinus to the right auricle; it is therefore justifiable to conclude (hat 
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nicotine also elicits a vasodepressor and cardiodecelerator reflex from somewhere 
in the vascular bed supplied by the left circumflex coronarj' artery- Injection 
of 50 micrograms of acetylcholine into the left circumflex coronary arterj”^ caused 
only atrio-ventricular block. 

4. The action of ions. Following the observation of Szent-Gjmrgjd, Bacq and 
Goffart (14) that veratrine sensitizes frog striated muscle to potassium ions, 
Amann and Jarisch (15) suggested that the receptors in the heart were sensitized 
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Fig. 5 Cat 2 4 kgm. Pentobarbital Record of resjiiration bj' Gaddum’s deWce above, 
blood pressure below and of heart rate in beats per minute along the baseline At each 
signal 20 mg potassium chloride 2% was injected into the external jugular vein, at 10 min- 
ute intervals. Between A and B SO micrograms veratridme was injected in divided doses. 
Time in 10 second intervals 


by the veratrum alkaloids in a similar manner. They observed that intravenous 
injection of 20 mgm. potassium chloride in cats caused a fall of blood pressure 
and heart rate only when the animals had been given several doses of 0.05-0 1 
mgm. per kgm. veratrine hydrochloride previously; this action of potassium ions 
was prevented by cold block of the vagus or by local anaesthesia of the epicar- 
dium. A similar effect was obtained with barium, rubidium, oxalate and cit- 
rate* calcium chloride had an antagonistic action. The intravenous injection 
of such large quantities of these salts in the whole animal might be expected to 
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have an action upon many other structures besides receptors in the heart. The 
problem was therefore reinvestigated. 

Figure 5 shows that after the injection of 50 micrograms veratridine intra- 
venously into a cat (in divided doses), a previouslj' ineffective dose of 20 mgm. 
2% potassium chloride not only causes a fall of blood pressure and heart rate, 
but also a transitory depression of respiration. Similar effects were obtained 
with from 5-25 micrograms veratridine per kgm. Since von Euler (16) had ob- 
served that much smaller quantities (0.5-1.0 mgm.) of potassium chloride would 
cause a fall of blood pressure and heart rate, and also respirator}^ depression, on 
injection into the central nervous system of cats, it seemed possible that the ob- 
sen'ed potentiation of potassium chloride might be due in part to an action of 
veratridine upon the central nenmus system. Small doses of isotonic potassium 
chloride solution were injected into the central nervous system of cats from a 
cannula tied into the e.vternal carotid artery and directed towards the carotid 
sinus, which was denen'ated. As figure 6 shows, after the miravenoiis injection 
of 50 micrograms of veratridine (in dmded doses) 0.05 cc. 1.15% potassium 
chloride injected intra-arterially causes a fall of blood pressure and heart rate, 
and a transient depression of respiration. Injection of the same dose of potas- 
sium chloride into the jugular vein had no cardiovascular or respiratory action. 
TlTiile 5-20 micrograms per kgm. veratridine intravenously usually intensified 
the fall of blood pressure and heart rate, and the respirator}^ depression due to 
the action of potassium chloride on the central nervous system, still larger doses 
of veratridine reduced or abolished it. This reduction may have been partly due 
to the prolonged fall of blood pressure (and consequent central ano.via) which 
IS caused by repeated injections of large doses of the veratrum alkaloids. Since 
the effect of peripheral vagal stimulation upon the heart rate also was not altered 
in four cats by large doses of veratridine, the potentiation of the action of potas- 
sium chloride shown in figure 5 by smaller doses of veratridine is probably due to 
an action on the central nen'ous system rather than peripherally. 

Though part of the potentiation by veratridine of the action of potassium 
chloride injected intravenously is attributed to an effect upon the central nervous 
system, this does not imply tliat a similar potentiation may not occur in the 
heart. This possibility was tested by injecting isotonic potassium chloride into 
the left circumflex coronar}' arterj- of dogs, before and after the injection of vera- 
tndine. As little as 0.05 cc. 1.15% potassium chloride caused some change in 
the QRS complex, but no change in heart rate or blood pressure. With doses of 
0.1 cc. or more, still greater changes appeared in the electrocardiogram, and in 
some animals there was a fall in heart rate and blood pressure, which was 
abolished by cutting the vagi. This dose of potassium chloride would be 
c-xpected to cause an enormous local increase in the senim potassium (perhaps 
as much as 3 or -l-fold) and the fact that gross electrocardiographic changes 
appeared before there was any alteration in heart rate makes the physiological 
^Jgnificance of these observations dubious. It may bo that such doses of potas- 
sium chloride can stimulate nerec fibres in continuity. A previous injection of 
'cratridinc into the left circumflex artcr}’, in a dose sufficient to cause a large 
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fall of blood pressure and heart rate, did not modify the effect of a subsequent 
injection of potassium chloride. Simultaneous injection of veratridine and a 



Fig. 6. Cat 2.6 kgm. Chloralose. Record from above downwards of respiration, blood 
pressure and heart rate (beats per minute). At 1:50, 2:00, 2:10 and 2:30 P.M. injection of 
0.05 cc. isotonic potassium chloride into the left internal carotid artery through the dener- 
vated carotid sinus. At 2:05 P.M., 0.05 cc. isotonic potassium chloride into the jugular 
vein. Between 1:50 and 2:00 P.M. the drum was stopped (at V) and 50 micrograms veratri- 
dine was injected in divided dosesinto the jugular vein. Time in 10 second intervals. 


minimal effective dose of potassium chloride caused a greater fall of heart rate 
and blood pressure than either alone; this may have been due to addition of the 
two effects. These experiments do not lend credence to the view that veratri- 
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dine acts by sensitizing receptors in the ventricle to potassium chloride, yet it 
■would be rash to dismiss the hypothesis categorically. 

Injection of 0.1 cc. isotonic (1.6%) calcium chloride in the same syringe as 
0.25 micrograms veratridine into the left circumflex coronary artery of dogs 
grea% reduced the action of veratridine on heart rate and blood pressure (fig. 
7). Sodium citrate (0.1-0.2 cc. of 2.75% solution) increased and prolonged the 
action of veratridine. Neither of these substances had any cardiovascular ac- 
tion when injected alone in these doses, nor did they modify the action of nico- 
tine injected into the left circumflex coronar 3 ' arteiy (fig. 7). The site of action, 
or perhaps the mode of action of nicotine is therefore different from that of vera- 
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Fig. 7. Dog 7.0 kgm. Chloralose. Record of heart rate in beats per minute and of blood 
pressure. Injection of 0.25 microgram veratridine and saline (V) into the left circumfle.x 
coronary artery causes a greater fall of blood pressure and heart rate than 0.25 microgram 
veratridine -b 0.075 cc. isotonic CaCl; (V -(- Ca). The same dose of calcium does not modifi' 
the action of 10 micrograms nicotine (Kic). Time in 10 second intervals. 



tridine. And tliere is evidently some close connection between the action of 
veratridine at this site and the ionic environment, just as there is in striated 
muscle (5). These tangled relationships have not yet passed the descriptive 
stage. 

H. T)ic action of veratridine on injection into the perfused lune/s. The evidence 
prct'cnted up to this point has emphasized the importance of the coronarj' circu- 
lation as the principal site of action of the alkaloids veratridine, protoveratrine 
and ccvadinc. fllie e.xpcriments of Richter and .-Vmann (4) suggested that in 
addition these substances might evoke a depressor and cardio-decelerator response 
arising from the lungs. 

In three dogs the left lower lobe of the lung w.ns perfused with defibrinated 
hlo«i at 37'’C. from a pump, and in three further dogs both left upper and lower 
lobes were perfused. In thc.se six dogs, weighing from 12-23 kgm., injection of 
2.5-10 micrograms veratridine into the lung circuit caused a fall of blood pressure 
and heart r.ate. This is illustrated in figure S which shows that thedepres-^orand 
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cardio-decelerator action of 5 micrograms veratridine was abolished by cutting 
the left vagus in an experiment in which both left lobes were perfused, though 
injection of the same dose of veratridine into the cavity of the left ventricle still 
caused a fall of blood pressure and heart rate. The action of veratridine in- 
jected into the lung circuit was therefore not due to leakage into the rest of the 
animal; moreover injection of 0.1 mg. epinephrine into the lung circuit failed to 
cause a rise of blood pressure or heart rate. These experiments demonstrate the 
ability of veratridine to elicit a depressor and cardio-decelerator response ansing 
from the lung, which probablj' reaches the central nervous system bj’ the ipselat- 
eral vagus. 
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Fig. 8. Dog 13.5 kgm, Chloralose. AVhole left lung perfused with dehbrinated blood 
separately from rest of circulation. Records from above downwards of right pulmonary 
arterial pressure (R. P. P.), blood pressure (B. P.) and left pulmonary perfusion pressure 
(L. P. P.). Injection into the left pulmonary arterial perfusion cannula of 2.5 micrograms 
veratridine (A), 5.0 micrograms veratridine (B and C) and 0.1 mgm. epinephrine (E). 
Between B. and C. the left vagus was cut, and at D 5 micrograms veratridine were injected 
into the cavity of the left ventricle. Time in 10 second intervals. 

The first response to veratridine injected into the lung was always small and 
subsequent injections of the same dose gave diminishing responses. The largest 
response obsen^ed was a fall of blood pressure from 96 to 74 mms. of mercurj' and 
of heart rate from 139 to 90 beats per minute. The minimal effective dose on 
the lungs (2.5 micrograms veratridine) was more than ten times that required on 
injection into the left circumflex coronary' arteiy' in the dog. Further evidence 
that the receptor areas in the lungs were of relatively small importance was ob- 
tained by using the exteriorized heart preparation, whereby injection could be 
made into the various cavities of the heart under direct vision without interfering 
with the animal’s normal respiration. Figure 9 is a tracing from such an experi- 
ment which shows the much greater fall of blood pressure and heart rate on in- 
jection into the cavity of the left ventricle than on injection into the pulmonary' 
artery. Similar results were obtained in five cats under pentobarbital anesthesia. 
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In a characteristic experiment the electrocardiographic record showed that the 
latent period before the heart began to slow was from 2.5~4.0 seconds after in- 
jection into the left ventricle, and from 8.0-8. 5 seconds after injection into the 
pulmonary arte^J^ The difference between these latent periods would account 
for the passage of the drug through the lungs and suggests that in the doses used 
it had little or no action during its transit, contrary to the opinion of Cramer 
(17). 

III. The action of verairidine on respiration. Since the experiments of von 
Bezold and Hirt (1) with veratrine and of Cramer (17) with veratrum viride it 
has been known that small doses of the veratrum alkaloids cause a transient 



Fig. 9, Cat 2.3 kgm. Pentobarbital. Heart e.vteriorized, and spontaneous respiration 
restored by sewing pericardium to chest wall. Record of blood pressure and heart rate 
vbeats per minute). Injection of 10 micrograms veratridine at A into cavity of left ven- 
tricle, at B into pulmonary artery. Time in 30 second intervals. 


slowing or stoppage of respiration, which is abolished by cutting the vagus or by 
cold-block of the vagus (3), but which is not modified by doses of atropine which 
greatly reduce the vasodepressor and cardio-dccelerator response (IS). The 
minimal effective dose required to reduce the rate or amplitude of respiration is 
considerably greater than that required to reduce the blood pressure or heart rate. 
The rcspiratoiy and cardio-vascular actions of the veratrum alkaloids are not 
therefore mutually interdependent, nor do they necessarily originate by stimula- 
tion of the same receptors. The following sites of action may bo considered, 
VIZ. the lungs, the carotid chcmoreccptors — as suggested by .larisch and Richter 
(3), the aortic chcmoreccptors (which in the cat according to Comroe (19), are 
supplied by the coronarj' arteries), and the central ncn.'ous system. 

lo study thc.sc alternatives the exteriorized heart preparation was used. 
Ilc.spiratoi^' changes were recorded by a modification of Gnddum’s method (20). 
Ill six cats under pentobarbital and one cat under chloralose anesthesia injection 
of 5-10 microgrums of veratridine caused a reduction in the rate and depth of 
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respiration when injected into the right ventricle or puhnonarj- arterj', but not 
when injected into the left ventricle. Figure 10 illustrates this difference in an 
experiment in which the blood pressure responses were not veo' dissimilar. 
When the record was taken on a faster drum it was seen that respiration stopped 
before the blood pressure or heart rate began to fall. The depression of respira- 
tion is abolished by vagotomj* and is unaffected by atropine. Injection of vera- 
tridine into the left coronan* artery in two cats in which the chest had been closed 






Fig. 10. Cat 2.0 kgm Preparation as in fig. 9. Record of respiration (above), blood 
pressure (below) and of heart rate in beats per minute (alongside BP tracing). Injection 
of 5 raicrograms veratridine into the pulmonary artery (P. A.) causes a reduction in the 
rate and depth of respiration, while injection into the cavity of the left ventricle (L. V.) 
docs not. Time in 30 second intervals. On a faster drum after 10 micrograms veratridine 
the fall of blood pressure begins after respiration has stopped. Timem 10 second intervals. 


after cannulation, and in which normal respiration had been reestablished, caused 
no change in respiration, although there was a profound fall in blood pressure and 
heart rate. We ma}' therefore conclude that the reflex reduction in the rate and 
depth of respiration which follows the intravenous injection of small doses of 
veratridine, originates from receptors in the circulation between pulmonary 
arterj”^ and left ventricle. The reflex fall of blood pressure and heart rate on in- 
jection of veratridine into the coronar>' arteries is not accompanied bj' any change 
in respiration (unless the blood supply to the central nervous system is reduced 
below that necessao' to maintain the integrity of the respiratory center). 
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Nicotine injected in a dose of 50 micrograms into the pulmonary artery also 
caused a small transient reduction in the rate and amplitude of respiration 
in three out of four cats, which was abolished by vagotomy. This reduction was 
always followed by stimulation of respiration. Injection of nicotine into the 
cavity of the left ventricle caused stimulation onlj'. Although the difference was 
not so striking as that which followed injection of veratridine, it was concluded 
that mcotine also could evoke a reflex inhibition of respiration from receptors in 
the lungs. 

As Krayer and Acheson (5) point out, the reflex inhibition of respiration is 
difficult to obtain repeatedly; the receptor mechanism appears to become irres- 
ponsive. Further increase in dosage leads once more to respiratory depression, 
which is independent of the integrity of the vagi. This effect of the veratrum 
alkaloids is probably due to an effect on the central nervous system. In cats and 
dogs under pentobarbital or chloralose anaesthesia the carotid sinus was dener- 
vated on one side and the external carotid arteiy hgated. Veratridine was in- 
jected into the common carotid arteiy from a cannula tied into a small side- 
branch or into the e.xternal carotid (pointing towards the carotid sinus) ; the in- 
jected material was thus swept at once into the central nervous system. Injec- 
tion of 5-20 micrograms of veratridine in cats caused a slowing or stoppage of 
respiration even when the vagi were cut; this quantity of veratridine represents a 
far higher concentration of the drug in the central nervous system than would be 
attained after the injection of the minimal effective dose on the lungs. It is 
therefore reasonable to conclude that veratridine causes respiratory depression 
firstly by a reflex originating from the lungs (between pulmonary arteiy and 
left ventricle), and secondly by a direct action on the central nervous system. 

IV. The carotid sinus. Injection of small doses of veratridine into the pul- 
monaiy artery of the cat, as has been shown, caused inhibition of respiration, but 
injection into the left ventricle did not. Injection into the left ventricle caused 
a fall of blood pressure and heart rate, but injection into the aorta did not. From 
these observations it was apparent that the carotid sinus was not particularly 
sensitive to veratridine; it remained to be seen whether it reacted at all. In 1939 
Jariseh and Richter (3) reported that injection of veratrine into the exteriorized 
carotid sinus of the dog caused a fall of blood pressure and heart rate, which was 
prevented by blocking off the chemoreceptors with lycopodium. This type of 
experiment was repeated in five dogs, in which the carotid sinuses were perfused 
with defibrinated blood at 38°C. from the common carotid arterj’’, the pressure 
being regulated bj' a Starling resistance on the outflow from the external carotid, 
and the internal carotid and occipital arteries being tied off. In these five dogs 
neither veratridine in doses of 1-50 micrograms nor veratrine hydrochloride 
(Merck) had any action on respiration, blood pressure or heart rate on injection 
into the perfused sinuses, although there was a good response cither to alteration 
of the perfusion pressure or to injection of cyanide. 

Discussion. Jariseh and Richter (3) and Amann and Schaefer (0) have pre- 
sented evidence to support the theorj" that the main afferent area of the depressor 
and cardio-dccelerator reflex elicited by the injection of the veratrum alkaloids was 
in the ventricles. Their evidence was based on experiments in which the cardiac 
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respiration when injected into the right ventricle or pulmonaiy artery, but not 
when injected into the left ventricle. Figure 10 illustrates this difference in an 
experiment in which the blood pressure responses were not very dissimilar. 
When the record was taken on a faster drum it was seen that respiration stopped 
before the blood pressure or heart rate began to fall. The depression of respira- 
tion is abolished by vagotomy and is unaffected by atropine. Injection of vera- 
tridine into the left coronao’ artery in two cats in which the chest had been closed 




Fig. to. Cat 2.0 kgm. Preparation as in fig. 9. Record of respiration (above), blood 
pressure (belon-) and of heart rate in beats per minute (alongside BP tracing) . Injection 
of S micrograms veratridine into the pulmonary artery (P. A.) causes a reduction in the 
rate and depth of respiration, while injection into the cavity of the left ventricle (L. V.) 
does not. Time in 30 second intervals. On a faster drum after 10 micrograms veratridine 
the fall of blood pressure begins after respiration hasstopped. Timein 10 second intervals. 


after cannulation, and in which normal respiration had been reestablished, caused 
no change in respiration, although there was a profound fall in blood pressure and 
heart rate. We maj' therefore conclude that the reflex reduction in the rate and 
depth of respiration which follows the intravenous injection of small doses of 
veratridine, originates from receptors in the circulation between pulmonaiy 
artery and left ventricle. The reflex fall of blood pressure and heart rate on in- 
jection of veratridine into the coronarj^ arteries is not accompanied by any change 
in respiration (unless the blood supply to the central nervous system is reduced 
below that necessary to maintain the integrity of the respiratory center). 
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Schaefer (6) obser\'ed in certain cardiac branches of this nerve. In this connec- 
tion the obsen^ations of Daly and Vemey in 1926 (22) are relevant. These 
authors found that raising the pressure in the ascending aorta (the tip of their 
cannula rested nithin a few mms. of the coronary orifices) caused a reflex fall of 
heart rate. Thej"^ concluded that there were pressure receptors responsible for 
this reflex either in the coronary arteries or in the left ventricle. The hypothesis 
that the resistance of the peripheral circulation and the heart rate and output are 
mutually coordinated by reflexes arising/rom the heart itsetj both from the inflow 
chamber (the Bainbridge reflex from the vena cava and right atrium) and from 
the outflow chamber (the left ventricle) is intriguing. lATiile there is sufficient 
evidence to justify a discussion of these possibilities, this evidence is still circum- 
stantial ; direct proof of the existence of the postulated reflex awaits the solution 
of great technical difficulties. 

Veratridine elicits two reflexes from receptor areas located in the lungs, viz. 
a fall of blood pressure and heart rate, and a depression of respiration. tVe do 
not know whether the receptors for these two reflexes are the same, but we do 
know that the main afferent paths for both run in the vagi. It is possible that 
veratridine causes cessation of respiration by stimulation of pulmonarj' stretch- 
endings, and that it causes a fall of blood pressure and heart rate b}' exciting the 
receptors responsible for the depressor reflex described by Schniegk (23) and 
Daly, Ludanj’, Todd and Verney (24), for which the adequate stimulus appears 
to be a rise of pressure in the pulmonai^’' vascular bed, probably on the venous 
side. 


SUJIJUKY 

The sites of the cardio-vascular and respiratory actions of small doses of vera- 
tridine have been localized by injection into the various cardties of the heart, 
great vessels and coronari' arteries of cats and dogs. 

1. By far the greatest part of the reflex fall of blood pressure and heart rate on 
injection of veratridine originates from the area supplied by the left circumflex 
and left anterior descending coronary arteries, i.e. the left ventricle. This action 
of veratridine is increased by the simultaneous injection of sodium citrate and is 
reduced by calcium chloride. 

2. Injection of veratridine into the perfused left lung also causes a fall of blood 
pressure and heart rate; this area is more than ten times less sensitive than the 
left ventricle. 

3. I’eratridine causes a reflex depression of the rate and depth of respiration, 
originating from the lungs and abolished by vagotomy. In larger doses it causes 
a similar depres.rion by a direct action on the central neiwous system; this is not 
affected by vagotomy. 

•1. Injection of veratridine into the perfused carotid sinuses has no effect on 
circulation or respiration. 

5. Veratridine potentiates the .action of potas.rium chloride on the central 
nen-ous sy.'item in causing a fall of blood prc.-:=urc and heart rate, and a reduction 
m the rate and depth of respiration. 
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branches of the vagus were interrupted, or in which action potentials were re- 
corded from these branches. It is sometimes difficult to be sure that such nerves 
do not receive tvigs from the presso- and chemo-receptors which have been 
described in and around the great vessels. However, the theorj' receives sub- 
stantial support from the experiments described above, which employed an 
entireb^different technique for localizing the site of action. In addition there is 
reason to believe that the site of action is in the area of distribution of the left 
circumflex and left anterior descending coronary arteries (in the dog); this may 
be interpreted as indicating that the left ventricle and the left ventricle onlj' is 
the site of origin of the reflex. 

The possibilitj' that veratridine may convert single responses in nerve fibres 
into a repetitive discharge cannot be ignored. Acheson (21) has found that in- 
jection of veratridine into the circulation of the cat’s peroneal nerve causes a 
single stimulus to give rise to a repetitive discharge; this effect was not eas}' to 
obtain and very large quantities of veratridine (0.3 mgm. per kgm.) were re- 
quired. Nevertheless this consideration should be borne in mind in any dis- 
cussion of the site of action of the veratrum alkaloids. If this were the explana- 
tion of the action of veratridine on injection into the left circumflex coronary 
arterj’-, one would expect that this alkaloid would also elicit a response on injec- 
tion into the right coronarj^ artery of the dog or into the carotid sinus; no such 
response has been obsen’ed. Indeed one cannot help being struck by the verj' 
unusual distribution of the sites of action of veratridine, unusual that is to say, 
in terms of the drugs vith which the pharmacologist is familiar. It maj' serve a 
useful purpose to tabulate the sites of action which have been established so far; 
viz. (1) it causes a depressor and cardio-decelerator reflex by an action on the 
lungs, on the region of the left ventricle (the most sensitive area) or on the central 
nervous sj'stem; (2) it causes an inhibition of respiration b}' an action on the 
lungs or on the central nervous system; (3) it causes a rise of blood pressure when 
injected in large doses into the spinal cat; this is attributed to liberation of epi- 
nephrine from the adrenals, and is much reduced by cutting the splanchnic nerves 
or pithing the spinal cord (unpublished observations) ; (4) sneezing and a burning 
sensation on contact with veratrine suggest that special sensoi^"^ receptom may 
also be excited. In striking contrast, the cardio-vascular and chemo-receptors -- 
to which so much attention has been directed in the past two decades do not 
appear to respond to veratridine. The veratrum alkaloids maj' therefore serve 
a useful purpose in dra-nang attention to receptors and reflexes which are other- 
wise not readily investigated. 

Perhaps the most interesting feature of the depressor and cardio-decelerator 
reflex elicited by injection of the veratrum alkaloids into the left coronarj^ arteo' 
is that its phj'siological counterpart (if such exists) has not yet been identified 
beyond dispute. Jarisch, Richter and their collaborators have discussed the 
possibility that a rise of pressure in the left ventricle might stimulate stretch 
receptors in the myocardium which would cause a fall of blood pressure and heart 
rate. The afferent path of this reflex would run in the vagus, and this would 
account for the discharges in phase nith the cardiac cycle which Amann and 
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In a study of the effect of various thiols and dithiols on the course of systemic 
cadmium poisoning, Gihnan and his collaborators (1) have found that delayed 
treatment with BAL (2,3-Dimercaptopropanol) is moderately effective in 
reducing the toxicity of intravenous cadmium chloride, but that animals so 
treated often develop severe kidney damage not produced by cadmium chloride 
alone. BAL-glucoside was shown to be more effective in treating cadmium 
intoxication than BAL itself and its use did not produce evidence of renal in- 
sufficiency in rabbits. The soluble cadmium BAL complex injected intra- 
venously was even more to.xio than an equivalent dose of cadmium as cadmiiun 
chloride, but the preformed cadmium BAL-glucoside complex was well tolerated 
by rabbits in doses equivalent to three times the lethal dose of cadmium chloride. 
It was believed that some knowledge of the distribution and excretion of in- 
jected cadmium and the influence of BAL and BAL-glucoside on its fate might 
help to explain the mechanism of action of these therapeutic agents. In the 
experiments to be described the urinary and fecal excretion of cadmium and the 
cadmium concentration in kidney, liver, and small intestine of rabbits rvith 
treated and untreated systemic cadmium poisoning were studied. 

Methods. All experiments were performed on rabbits weighing approximately 2 to 3 
kilograms. The animals used for tissue analysis were on the standard laboratory diet of 
Purina dog chow and water. Those used in the excretion studies were fed fresh cabbage 
and carrots exclusively, to avoid contamination of the excreta with food. They were given 
increasing amounts of these fresh vegetables in addition to chow and water for S or 6 daj’s 
preceding the experiment. Diarrhea, sometimes produced by an abrupt change to a diet of 
greens, was thereby avoided in most of the rabbits. 

For the excretion studies the rabbits were kept in individual metabolism cages and daily 
collections of urine and feces were made for five days after treatment. Approximately one- 
third the 24 hour volume of urine for each animal was used for analysis. The urine sample 
was evaporated to drj’ncss in a large beaker on a hot plate. The residue was washed into a 
30 ml. vycor crucible and again evaporated to dryness. The drying was completed by leav- 
ing the crucible overnight in an oven at llO'C. The sample was then ashed in a muffle 
furnace at 450-500°C. for approximately 4S hours and analyzed for cadmium as described 
below. It was found in the early experiments that no delectable cadmium was excreted in 
the urine after the first three days, so the urine collected during the fourth and fifth days was 
not analyzed subsequently. The total 24 hour collection of feces for each rabbit was dried 
overnight at llO'C, weighed, and ground to a powder. Aliquots of two to four grams were 
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Throughout tWs report a difference between two means is considered statistically sig- 
nificant when it is more than three times the standard error of the difference. 

Resdi/ts. Excretion Experiments. (Fig. 1) Only a very small part of the 
injected cadmium chloride was recovered in the urine (fig. la) and most of this 
was excreted during the first 24 hours after injection. Relatively larger amounts 
were found in the feces (fig. lb), and the intestinal e.xcretion continued and 
increased throughout the experimental period, the total cadmium recovered 



Fio. la. CojiCLATira Daily Ubinaby Excbetion of CAniiinii 
Numbers in parentheses indicate the number of animals in each group. The mean and 
its standard error are shown. 

Fio. lb. Cumulative Daily Total Excbetion of Cadmium (Uiunaby Plus Fecal) 
SjTnbols ns in Fig. la. 

in the feces (10.1 ± 1.8% of the injected Cd) for the 5 days studied being sig- 
nificantly greater than that in the urine (1.8 ifc 0.4%). Treatment with BAL 
increased the excretion of injected cadmiuam in both urine and feces (fig. 1) 
especially during the 24 hour period immediately following injection, making the 
total recovery of cadmium for five days (25.9%) significantly greater than that 
found for the untreated rabbits (11.9%). When the soluble cadmium BAL 
complex was injected the excretion of cadmium in the urine was slightly greater 
than that found for animals given cadmium chloride alone, and the total fecal 
excretion was about the same as that for the BAL treated group. 
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taken for analysis. Occasionally the amount of feces produced by a rabbit in a single day 
was too small for analysis. In such cases the feces for sev'cral days were combined and an 
average value for the 24 hour cadmium excretion was used. 

The animals used for tissue analysis were killed by intravenous injection of air at ap- 
proximately 24 hours (23-25) after the original injection of cadmium chloride or complex. 
The kidneys and liver were removed , drained of blood, cut into small pieces and dried in 
petri dishes for about 40 hours at 110®C. A sample of the distal portion of the ileum was 
removed, washed thoroughly with water, cut up and dried in the same way. Each tissue 
was then ground to a powder and aliquots of about four grams were analyzed for cadmium. 

The rate of excretion of cadmium and its concentration in these three tissues at the end of 
24 hours were studied in groups of rabbits given the following types of injections: 1. Cad- 
mium chloride, 2. cadmium chloride and BAL treatment, 3. cadmium di-BAL, 4. cadmium 
chloride and BAL-glucoside treatment, 5. cadmium di-BAL-glucoside. The structure of 
the cadmium complexes formed with BAL and BAL-glucoside has been discussed by Gil- 
man (1). In each case the dose per kilogram was chosen so that the cadmium would be 
equiv'alent to that in 2.5 mg, anhydrous cadmium chloride. In toxicity tests previously 
carried out in this laboratory (1) 10 of 12 rabbits given this dose of cadmium chloride sur- 
vived, All injections of cadmium chloride or preformed complex were intravenous. Treat- 
ment with BAL or BAL-glucoside consisted of three injections, each containing 0.1 millimols 
per kg. of body weiglit, at 30, 90, and 210 minutes after the cadmium chloride was given. 
The first of these injections was intravenous, the other two intramuscular. This method of 
treatment was adopted as a result of the experiments of Gilman and others (1) showing that 
in the case of B.^L such a course of delayed treatment was more effective than prophylactic 
BAL or BAL given at the same time as the cadmium. Only those rabbits which survived 
for 24 hours in the tissue studies or for five days in the excretion studies arc included in the 
results. 

The B.AL used in these experiments was dissolved in propylene glycol (0.5 M solution). 
All other compounds injected were in physiological saline solution. BAL-glucoside, its 
cadmium complex, and the cadmium di-BAL complex were prepared immediately before 
use by methods described by Gilman el. al. (1). 

Cadmium determinations. The Heyrovsky Polarograph was used to estimate the cad- 
mium concentration in the tissues, urine, and feces. Samples were dried as described above 
and prepared for polarograpluc analysis by a method based on that used by Reed and 
Cummings (2) for determining the concentration of zinc in plants. A sample of dried tissue 
or feces weighing about four grams was used when possible. The aliquot was weighed into 
a vycor crucible and dry ashed at 450-500® C. for approximately 48 hours. The procedure 
for sampling and ashing urine has been described. In each case the ash was treated with 
four ml. of concentrated hydrochloric acid and evaporated to dryness on a boiling water 
bath. The residue was dissolved in 2 ml. of I N hydrochloric acid, the sides of the crucible 
washed down with about five ml. distilled water, and the pH adjusted with one per cent 
ammonium hydroxide to 4-5, using methyl orange as an indicator. The solution was 
filtered into a 50 ml, beaker, the precipitate washed with 15 to 25 ml. water, and the filtrate 
and washings evaporated just to dryness on a hot plate. The residue was dissolved in a 
bufTcr solution, containing 0.1 M ammonium acetate and 0.25 M potassium thiocyanate, 
which had been adjusted to pH 4.0 with acetic acid (glass electrode). A drop of 0.1 per cent 
methyl red solution was added as a maximum suppressor and the solution diluted in a volu- 
metric flask to 10 ml. with buffer. Occasionally some of the residue was not soluble in this 
volume of buffer, but this was found by rccoveo' tests not to interfere with the cadmium 
determination when cadmium was present in the amounts found here (10 to 500 microgm.). 
Nitrogen was bubbled through the solution to remove oxygon and the polarograpluc de- 
termination made. The cadmium concentration was estimated by comparison ^Yith a 
standard curve. The stock standard solution was made from CdCls*2I H-O and its concen- 
tration calculated from a chloride determination. Adequate recoveries of known amounts 
of cadmium chloride and of the soluble cadmium-BAL comi)lex from tissues and from urine 
were obtained. 
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tration of cadmium in the liver and intestine of the treated rabbits was sig- 
nificantly lower than that found in the untreated rabbits as might be expected 
under these circumstances When the cadmium BAL complex was injected, 
the cadmium concentration in liver and intestine at the end of 24 hours was 
approximately the same as that in untreated rabbits. There was, however, a 
significant increase in the kidney concentration of cadmium (44.4%) although it 
was not so great as that in the BAL treated animals. 

BAL-gliicoside. Babbits treated with BAL-glucoside after cadmium chloride 
injection appeared to have a somewhat greater concentration of cadmium in their 
kidneys at the end of 24 hours than did control animals. This difference was not 
significant statistically and was much less than the increased kidney cadmium 
after BAL treatment in spite of the much greater renal excretion of cadmium by 
the BAL-glucoside treated animals than that found for the BAL treated group. 
The total recovery of cadmium in both urine and feces at the end of 24 hours was 
found to be the same ivith either type of treatment (fig. lb). The smaller con- 
centration of cadmium in kidney tissue in the BAL-glucoside treated animals 
can not therefore be attributed to a more rapid removal of cadmium from the 
body as a whole. Somewhat smaller amounts of cadmium were present in the 
liver and intestine of the BAL-glucoside treated animals than in the controls, the 
difference being significant only in the case of the intestine. When the pre- 
formed cadmium di-BAL-glucoside was injected, the 24 hour concentration of 
cadmium in both liver and intestine was significantly lower than that found in 
rabbits given the same amount of cadmium as the chloride. These results might 
be expected, since at that time 32 per cent of the administered cadmium had 
been excreted by rabbits given this complex in contrast to 2.9 per cent by cadmium 
chloride controls. The concentration of cadmium in the kidney was not, how- 
ever, significantly lower than that found in the control group. 

Discussion. The effects of BAL on the e.xcretion and tissue distribution of 
intravenously administered cadmium observed in these experiments are, in 
general, similar to those reported by Gerard and others (3). Somewhat different 
results have been obtained in treating animals poisoned by cadmium inhalation. 
In this circumstance the cadmium excretion is shifted in the direction of the 
kidney, rather than being excreted in larger amounts in both urine and feces (4). 
No effect of BAL on the tissue distribution of inhaled cadmium was found in 
dogs by Bunting and his collaborators (5). In such animals BAL is much more 
effective therapeutically than in animals given cadmium intravenously (4), there 
being no evident renal pathology in the former group. The mechanisms in- 
volved in these differences in distribution and excretion and their relationship to 
the comparative therapeutic efficacy of BAL when cadmium is administered by 
the two routes are not immediately apparent. 

The toxicity of cadmium and the effects of BAL in cadmium-poisoned animals 
are believed to involve the same types of reactions that have been described in 
connection with arsenic poisoning (1). The effect of B.AL on the excretion of 
arsenic has been studied in man (0, 7, 8) and in experimental animals (9, 10). 
In most instances an increase in the urinarj' e.xcretion of arsenic during the first 
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When cadmium poisoned rabbits were treated with BAL-glucoside 7.6% of 
the injected cadmium was recovered in the urine in the first 24 hours (fig. la), 
much more than that excreted by the BAL-treated a nim als during the same time 
(2.9%). However, the 24 hour fecal excretion by the fymer group was not veiy 
different from that in the untreated animals. The total amoimt of cadmium 
excreted during the first 24 hours and over the whole five day period studied was 
approximately the same for animals treated udth either compound (fig. lb). 
The greater therapeutic value of BAL-glucoside can not, therefore, be explained 
on the basis of a more effective mobilization and enhanced excretion of cadmium. 
The preformed cadmium di-BAL-glucoside complex injected at the same cad- 
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Fig. 2a. Tissue Distribution of Cadmium in Cadmium Chloride, Preformed 
Cd (BAL)j and BAL-Treated Cadmium Chloride-Injected Rabbits 

Numbers^ in parentheses indicate the number of animals in each group. Horizontal 
braohets delimit the standard error of the mean. 

Fig. 2b. Tissue Distribution of Cadmium in Cadmium Chloride, Preformed 
Cd (BAIi-Glucoside)i and BAL-Glucoeide-Treated Cadmium 
Chloride-Injected Rabbits 

mium dose level was excreted in the urine at an extremely rapid rate, 28 per cent 
of the administered cadmium being recovered in the first 24 hours (fig. 1). The 
fecal excretion during this period was slightly higher than that found for un- 
treated rabbits, but the difference was not marked. 

Tissue Concentration of Cadmium. (Fig. 2) Cadmium chloride. Tiventy- 
four hours after cadmium chloride injection, the concentration of cadmium in the 
liver was significantly greater (65.3 microgm./gm.) than that in either the 
kidney (28.6) or the intestine (14.3). 

BAL. In rabbits treated with BAL after the administration of cadmium 
chloride there was a marked diversion of cadmium to the kidney, the concentra- 
tion being increased to 69.7 microgm. per gm. (a statistically significant increase) 
even when a much larger proportion (9.8%) of the administered cadmium had 
been excreted than was the case of the untreated animals (2.9%). The conccn- 
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5. The excretion and distribution of cadmium following injections of the 
soluble cadmium-BAL complex were little different from those found in rabbits 
given cadmium chloride. When the corresponding complex of BAL-glucoside 
was injected, comparatively huge amounts of cadmium were recovered in the 
urine in the first 24 hours after injection. 

The author wishes to thank Dr. A. Z. Gilman for suggesting these experiments and for 
his helpful advice throughout the study. 
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24 hours was reported. As in the case of cadmium, the effect was a short term 
one, and when the urine was collected at frequent intervals it was shown that the 
increase in renal excretion was at its maximum 2-4 hours after the administration 
of BAL. The fecal excretion of arsenic was not studied in most of these experi- 
ments. Stocken and Thompson (10) found that BAL treatment did not change 
the fecal arsenic content of rats poisoned by cutaneous application of lewisite. 
It is possible that the route of administration of arsenic may influence the effect 
of BAL on arsenic excretion as it appears to do in the case of cadmium. No 
studies of the excretion of intravenously injected arsenic after BAL treatment 
have been reported. 

Striking differences in the effects of BAL and BAL-glucoside on rabbits with 
systemic cadmium poisoning have been reported by Gilman and others (1). 
The glucoside of BAL had a much greater therapeutic effect than BAL itself in 
these animals. Animals treated with BAL developed severe renal damage 
which was not found in the BAL-glueoside-treated rabbits. The results of the 
experiments reported here correlate well with these observations. A much 
higher concentration of cadmium was found in the kidneys of the BAL-treated 
animals than in those of rabbits treated with the glucoside in spite of the fact 
that more cadmium was excreted in the urine of the rabbits treated with gluco- 
side than was found in the case of those treated with BAL. Danielli and others 
(11), who first described BAL-glucoside as a therapeutic agent in arsenic poison- 
ing and found it was more effective than BAL, postulated that the differences in 
action of the two compounds might be e.xplained if BAL glucoside remains 
extracellular whereas BAL passes into the cell where it is oxidized or otherwise 
altered. The results of the studies on the treatment of cadmium poisoning with 
BAL and BAL-glucoside (1) and of those reported here are consistent with this 
hypothesis. 


SUMMARY 

1. BAL and BAL-glucoside were found to increase markedly the excretion of 
cadmium in rabbits poisoned by the intravenous injection of cadmium chloride. 

2. BAL treated rabbits excreted larger amounts of cadmium in both urine and 
feces than did untreated animals poisoned wth the same amount of cadmium 
chloride, whereas the enhanced urinary excretion accounted for almost the entire 
increase in the BAL-glucoside treated animals. 

3. In both groups of animals the increased renal excretion occurred almost 
entirely in the first 24 hour period following cadmium administration. The fecal 
excretion of cadmium in BAL treated animals was higher than that for untreated 
rabbits throughout the five day period studied. 

4. A large increase in the concentration of cadmium in the kidney was found in 
rabbits treated wth BAL. There was no significant difference in the cadmium 
concentration in the kidneys of animals treated wth BAL-glucoside from that in 
untreated rabbits poisoned with cadmium. The concentration of cadmium in 
small intestine and liver was found to be smaller in animals given either type of 
treatment than in those Avith untreated systemic cadmium intoxication. 
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arsenite injection (table 1). They all showed intense motor excitement and 
unrest and could be restrained only -with difficulty. They cried, rubbed their 
noses uith their forepaws, showed injection of the conjunctiva and reddish dis- 
coloration of the iris, constriction of the pupil, salivation, sweating on the lips 
and sloping of the heart. Most of the rabbits blinked and closed their ej^es and 
showed tear secretion wdth thick, whitish material. The duration of these 
sjTnptoms ranges from 6 to 30 minutes. The central excitement only lasts for a 
few minutes, while the injection of the conjunctiva, the dilatation of the uveal 
blood vessels, the bradycardia, sweating and salivation and miosis ma 3 ' not disap- 
pear for half an hour (figs. 1, 2). 

In another series of ex^ieriments not listed in table 1, 12 rabbits received a dose 
of 4.5 mg. of sodium arsenite by vein and 5 minutes later a dose of 2.5 mg. of 

TABLE 1 


The responses of Albino rabbits to combined admimstralton of BAL and arsentcals 
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115 
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i 

20 
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BAL suspended in saline solution, also by vein. Following the injection of BAL 
the typical sjmdrome with cry, motor e.xcitement, injection of the cornea, miosis, 
salivation, lip sweating and bradycardia developed. Two rabbits received 1.0 
uig. and 2 additional rabbits 5.0 mg. of BAL following the administration of 
arsenite with identical results. In sLx animals the intravenous injection of the 
above doses of BAL alone produced no typical sjTnptoms within 10 minutes. 

_ Prcmcdication with 5.0 mg. of atropine sulfate two minutes prior to the begin- 
ning of the experiment failed to prevent the erj", motor excitement, vasodilation 
and constriction of the pupil, but did prevent the salivation, lip sn eating and 
slowing of the heart. Six rabbits were used for these experiments; 20 mg. of 
B.VL was given bj’ muscle followed 10 minutes later bj’ intravenous injection of 
5.0 mg. of sodium arsenite. 

Six rabbits were anesthetized with sodium pentobarbital administered b\’ vein 
in do<-es of 25 mg. These animals were then given 15 mg. of BAL bj- muscle. 
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Recent studies in this laboratory have shown that arsenite increases the dura- 
tion and intensity of alcohol narcosis but not of pentobarbital anesthesia (1). 
This finding was explained in terms of the concept of Peters and associates (2, 
3, 4), namely, that arsenite inactivates the pyruvate oxidase system and leads to 
an increase in the blood pyruvate level in the arsenic-treated animals. While 
this work was in progress it was thought advisable to counteract the effect of 
arsenite by the recently introduced chemical antidote, dithioglycerol, or BAL. 
A number of rabbits, therefore, were treated with BAL prior to the administra- 
tion of sodium arsenite. Following the combined administration of these two 
drugs, a peculiar behavior pattern was noted, the analysis of which is the subject 
of this report. 

Methods. Albino rabbits were used throughout the experiments. BAL (dithioglyc- 
erol, 2,3-dimercaptopropanol) was administered either intramuscularly in doses of from 
10 to 25 mg. per kg of body weight' dissolved in peanut oil, or intravenously in aqueous 
suspensions in doses from 0.3 to 5.0 mg. Sodium arsenite was always given intravenously 
in a 1 per cent watery solution in doses from 3.0 to 6.0 mg. The latter was prepared by stir- 
ring 10 grams of arsenic trioxide and 6.3 grams of sodium bicarbonate in 100 cc. of boiling 
distilled water until solution was effected. Upon cooling, a sufficient quantity of distilled 
water was added to make the solution measure 1,000 cc. Other arsenic compounds used in 
these experiments were also given by vein in a 1 per cent aqueous solution. Solutions of 
arsphenamine wore prepared in the customary fashion. 

All animals were used in the wakeful state, with the exception of one series of experi- 
ments in which the rabbits were anesthetized with 25 mg. of sodium pentobarbital given by 
vein, and their responses to the combined administration of BAL and arsenite noted. A 
few dogs and cats were also used following the completion of the experiments in rabbits to 
permit better evaluation of the results obtained in rabbits. 

The term, combined administration of sodium arsenite and BAL, requires some expla- 
nation since these agents were administered separately from 6 to 15 minutes apart. In 
the majority of experiments BAL was administered first intramuscularly, followed by an 
intravenous administration of arsenite or other arsenicals. In a few instances arsenite was 
given first followed by intravenous injection of BAL. 

Resum's. Table 1 shows that animals receiving BAL alone or arsenic alone 
under the conditions of this experiment failed to exhibit observable toxic reac- 
tions. On the other hand, animals receiving various doses of BAL intra- 
muscularly, and 10 minutes later an injection of sodium arsenite intravenously, 
developed a set of symptoms immediately following, and sometimes during 

1 All doses are expressed in terms of milligrams of the drug per kilogram of body weight. 
To avoid repetition, the words “per kilogram of body weight” are omitted. 
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the heart, but only scant salivation and lip sweating in 3 animals, and none in 
the remaining rabbits. There was thus a fleeting awakening or denarcotizing 
effect produced by the combined administration of BAL and arsenite, but the 
anesthesia (nembutal) diminished the autonomic excitation. 

Three dogs and 3 cats were ^ven 15.0 mg. of BAL intramuscularly followed 15 
minutes later by intravenous injection of 4 mg. of sodium arsenite. All these 
animals showed motor excitement, rage to such an extent that it was difficult to 
immobilize and place them into cages. They showed the same type of autonomic 
stimulation as rabbits with the notable exception of pupillary constriction and, 
of course, lip sweating (the latter being characteristic only of rabbits), but showed 
a phenomenon rabbits failed to exhibit, namely, immediate micturition and defe- 
cation. In these species symptoms also disappeared within one hour. 

Of the sulfhydryl compounds only BAL was used in this series of experiments, 
but as table 1 shows, several arsenicals were used in addition to sodium arsenite. 
Sodium arsenate and a number of organic arsenic compounds failed to produce 
central excitement and paras 3 mipathetic effects when injected following the ad- 
ministration of BAL. The intravenous injection of mercuric chloride was 
likewise ineffective. 

When various amounts of BAL and sodium arsenite were mixed in test tubes 
at room temperature, white precipitates were produced which disappeared upon 
standing. Massive doses of the precipitate and of the precipitates dissolved in 
water were injected intravenously in several rabbits, but no symptoms were seen 
follouang such administration. In this connection it may be mentioned that 
sodium arsenate and several of the organic arsenicals did not produce precipi- 
tates when mixed with solutions of BAL in vitro. 

Discussion. In the above series of experiments certain facts were presented 
mdicating that 2:3-dimercaptopropanol (BAL) developed in the Department 
of Biochemistry at O.xford Uruversity (2, 3, 4, 5, 6, 7, 8) as a chemical antidote 
for arsenic compounds plus sodium arsenite produce a s 3 mdrome characterized 
by central excitement and stimulation of the paras 3 mipathetio nervous system. 
The central stimulation, under the conditions of the experiment, often develops 
into a rage but never into convulsions. It is powerful enough to produce a tem- 
porary but definite awakening effect in narcotized animals accompanied by 
respiratory stimulation. The parasympathetic stimulation resulting from the 
combined administration of BAL and arsenite is clear cut and manifested by 
miosis, lacrimation, sweating, salivation, bradycardia, and occasionally by mic- 
turition and defecation. Atropine does not antagonize the central effects. It 
18 equally ineffective in preventing the miosis in rabbits which thus may be 
looked upon as a reaction not due to tectal parasjTnpathetic excitation. 

It may be argued that the central effects, as well ns the peripheral, are merely 
additive, representing in part BAL effects and in part toxic sjauptoms referable 
to arsenic. As a matter of fact, Modell, Chenoweth and Krop (9) distinguished 
between slight, mild and severe to.xic sjTnptoms caused by progressively increas- 
ing doses of BAL in cats. Slight sjTnptoms are represented bj’’ blinking, blephar- 
ospasm and minimal salivation, mild poisoning bj' intensification of the above 
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followed by intravenous injection of 5 mg. of sodium arsenite 10 minutes later. 
There was an immediate outcr 3 % vigorous motor activity and rubbing of the nose 



Fig. 2 . Same Rabbit One Minute Following the Intravenous Injection of 4.0 mg. per 
KG. OF Sodium Arsenite. Note Pin-poi.nt Pupil 

with the forepaws. There was ever 3 - evidence of central excitement subsiding 
in from 5 to 10 minutes. In addition, the pupils constricted maximally, there 
was an injection of the conjunctiva with blinking and tear secretion, slowing of 
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reactions may also be elicited if arsenite is given first and BAL later. These 
effects, particularly the central excitement, may also be elicited under pento- 
barbital narcosis. 

These effects are opposed or counteracted by atropine only if they are referable 
to parasympathetic stimulation. Thus, the bradycardia, salivation, siveating, 
and laciimation are prevented by atropine but, curiousl}', the pupUlaiy con- 
striction is not. 

Cats and dogs do not develop pupillary constriction as a result of the combined 
administration of BAL and arsenite, but may show involuntary micturition 
and defecation. 

These phenomena are of relatively short duration and none of the .snfm-ik 
observed died as a result of the combined administration of the two agents. 

Compounds of BAL and arsenite prepared in vitro do not produce the charac- 
teristic biological effects. 

Arsenates, arsphenamines and mercurials do not elicit the characteristic central 
and peripheral effects following the administration of BAL. 

Posable mechanisms by which the “explosive” reaction may be brouit aheut 
are discussed. 
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symptoms with edema of the conjunctiva, lacrimation and drooling of saliva, 
and frequently urination. Severe BAL poisoning is characterized by marked 
ataxia, analgesia, increase in the respiratory rate, hj^ierexcitability, and occa- 
sionally myoclonic convulsions. These authors have also sho'rni that atropiniza- 
tion had no effect on the blinking, blepharospasm and conjunctiva edema produced 
by BAL, but prevented or markedly reduced salivation and lacrimation. It 
should be noted that even foUQuing intravenous injection the ssmiptoms devel- 
oped after a latent period of from 5 to 10 minutes and persisted for from 1 to 4 
hours. The symptoms of arsenic poisoning do not resemble the clinical picture 
exhibited by rabbits after the combined administration of BAL and arsenite. It 
should also be pointed out that the only arsenical that is effective imder the cir- 
cumstances, is arsenite. 

It should be noted that the sequence of administration of BALandarseniteis 
immaterial; that severe effects, such as ataxia and convulsions, which may 
develop following the administration of highly toxic doses of each of these two 
drugs are not produced by the combined administration; and finally, that the 
reactions develop with a lightening-like rapidity and subside earlier than the mild 
toxic symptoms produced by either BAL or arsenic alone. 

It may be postulated that the “explosive” central and autonomic reactions 
caused by the combined administration of BAL and arsenite are due to the forma- 
tion of a new substance in the animal body. This substance may be an inter- 
mediate product of a chemical reaction between BAL and arsenite that possesses 
definite stimulating effects on various parts of the nervous system. It is defi- 
nitely not the final di-thioarsenite complex formed in the course of the antago- 
nism, for when this substance is prepared in vitro and injected intravenously, it 
fails to elicit the “explosive” reactions previously described. The short duration 
of these effects may very well be due to the disappearance of this hypothetical 
intermediate product, or rather to its conversion to the final di-thioarsenite com- 
plex. The other possibility, that the combined administration of BAL and 
arsenite lead to the mobilization of certain substances (neurohormones?) that 
produce central excitation and parasjanpathetic stimulation, cannot be ruled out. 
The same substance may be responsible for a number of effects, some of which 
are prevented and others unopposed by atropine. It is well knmvn that certain 
effects of acetylcholine, for example, are not prevented or abolished by atro- 
pinization. 

It should be added that the above observed phenomena may have a clinical 
bearing. It is conceivable that in cases of poisoning wth arsenites such as 
Fowler’s solution, the protective action of BAL may be accompanied by un- 
pleasant side effects. 

SUMMARY 

Rabbits receiving BAL intramuscularly and subsequently sodium arsenite by 
vein, develop an “e.xplosive” reaction characterized by crying, motor excitement, 
constriction of the pupils, profuse salivation and lip sweating, lacrimation, 
bradycardia, injection of the conjunctiva, reddening of the lids and uvea. These 
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that compounds containing a phenyl group in their structure were most active as 
anticonvulsants. In accord with this too simple conception, Knoefel and Leh- 
mann (1942) studied 5 ,5-diphenyl barbituric acid and diphenyl acetylurea as well 
as some other compounds containing a phenyl group, but did not find any of 
them to be more actively anticonvulsant than 5,5-diphenyl hydantoin. These 
latter workers found that large doses of diphenyl hydantoin itself are not only 
non-hypnotic, as had been noted by Merritt, Putnam and Schwab (1938), but 
actively produce convulsive phenomena as a direct response effect. 

To better establish whether a notable difference in anticonvulsive activity may 
or may not exist between dialkyl barbitals and phenobarbital, 5-butyl-5-ethyl 
and 5,5-dibutyl barbituric acids were compared in the present study with 
5-phenyl-5-ethyl (phenobarbital) and 5,5-diphenyl barbituric acids. Since 5,5- 
diphenyl hydantoin itself shows convulsant properties with considerable dosages, 
the convulsant 5-benzyl-5-ethyl and 5-ben2yl-5-butyl barbituric acids were 
included for evaluation of their anticonvulsive actions. Although the studies of 
Merritt, Putnam and Schwab (1938) on N-phenyl and N-benzyl derivatives of 
barbital and our own studies (1946) on ring substituted phenobarbitals failed to 
demonstrate any marked anticonvulsive activity with such compounds, there 
were included iff the present study certain 5-phenyl-5-alkyl barbituric acids. 

Expemmental. For the present investigation, commercially available 
5-butyl-5-ethyl barbituric acid (neonal) and the sodium salts of 5-phenyl-5-ethyl 
barbituric acid (phenobarbital-sodium) and of 5,5-diphenyl hydantoin (dilantin) 
were used. The other required derivatives for this work were synthesized by 
Er. Roland N. Icke and Dr. C. Ernst Redemann, in Pasadena. The 5,5- 
diphenyl barbituric acid was prepared by condensation of alloxan with benzene 
by following the method of Barnes and McElvain (1937). The other derivatives 
were prepared by developing proper methods for condensing the properly disub- 
stituted malonic or cyanoacetic acid esters with guanidine carbonate in a sodium 
ethylate solution, giving the corresponding imino barbituric acids which were 
then acid hydrolyzed to give the desired disubstituted barbituric acids. The 
follmving compounds have not been previously described in the literature and 
gave the following analyses as evidence of identity and purity. 

6-Phenyl-5-butyl barbituric acid 

Found: C, 64.62; H, 0.57; N, 10.83 % 

Calculated: C, 64.52; H, 6.25; N, 10.77 % 

5-Phcnyl-5-j«obutyl barbituric acid 

Found: C, 64.60; H, 6.10; N, 10.73 % 

Calculated : C, 64.52; H, 6.25; N, 10.77 % 

5.Pbenyl-5-amyl barbituric acid 

Found: C, 65.60; H,6.5S;N, 10.20 % 

Calculated: C, 05.70; 11, 0.02; N, 10.22 % 

The other derivatives were identifiable because of their mode of synthesis and 
comparison of their melting points with those reported in the literature. Their 
molting points were often a little higher than tliosc reported in the literature, 
probably because of better crystallization away from impurities. 
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INTRODUCTION 

The hypnotic actions of a considerable number of 5,5-<iialkyl derivatives of 
barbituric acid have been studied in attempts to relate the chemical constitution 
of these compounds to their physiological action. Some of the earlier work with 
certain series of compounds led to the making of broad generalizations with regard 
to hypnotic effectiveness of barbituric acid derivatives. Thus, Shonle (1931) 
summarized previous studies of dialkyl derivatives having dissimilar alkyl groups 
to conclude, for example, that “in the more effective compounds, the sum of the 
carbon atoms on the two substituent groups was seven.” Not only are excep- 
tions to this rule now known, but Butler and Bush (1942) found none of such 
previously advanced rules to apply to the relative hypnotic effectiveness of the 
series of dialkyl derivatives that they studied. It is difficult to include the obser- 
vation of Swanson (1934) that a compound like 5-(l,3-dimethyl-butyl)-5-ethyl 
barbituric acid in warm blooded animals is not only without effect but acts as a 
powerful convulsant, in any generalizations about the hypnotic effectiveness of 
dialkyl derivatives. Pursuing the matter of the unpredictable appearance of 
convulsive effects among series of these compounds, Knoefel (1945) has found 
examples of such convulsive effect apparently having some relation to the intro- 
duction of an unsaturated bond into the structure of the molecule and to the 
conversion from a barbiturate to a thiobarbiturate. 

The discovery and development of the anticonvulsive effects of 6,5-diphenyl 
hydantoin by Merritt, Putnam and Schwab (1938) showed that hypnotic and 
anticonvulsant activities are not necessarily related in the actions of compounds 
having the hydantoin type of structure. With barbitiuic acid derivatives a 
differentiation of these two types of activities was not apparent in this work, for 
with pentobarbital and tsoamyl-ethyl barbituric acid small increases in convul- 
sive threshold were associated with dosages that produced mild hypnosis and 
with phenobarbital hypnotic dosages were required to cause any marked rise in 
the convulsive threshold. More recent studies of the anticonvulave properties 
of these barbitiuic acids and other compounds by Tainter and coworkers (1943) 
led them to the conclusion that there was remarkably little difference between the 
dialkyl barbituric acids and phenobarbital when compared in corresponding 
dosages. 

With regard to chemical typing of compounds used in their investigations, 
Merritt, Putnam and Schwab (1938) were particularly concerned with the finding 
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found necessary to substitute for the resistors in the timer circuit some fixed i watt resistors 
of appropriate values to provide the desired time intervals. By this simple modification 
of the instrument the following shock durations were made available; 0.05, 0.1, 0.2, 0.4, 0.9, 
1.8, 3.6, 7.5, 15.0 and 30.0 seconds.' 

For routine testing the convulsant threshold was taken as the shortest duration at which 
aSOmilliampere current resulted ina noticeable tonic component inthe convulsive response. 
The initial threshold for the individual rabbit was determined on the day of the test by 
applying a current of the fixed intensity for 0.05 second. If no tonic convulsion resulted, 
15 minutes later the current was applied for 0.1 second, and so on with progressively longer 
durations at 15 minute intervals until the threshold was reached. The initial threshold was 
found to be quite constant both for the individual and between individuals. In 426 de- 
terminations made on 36 rabbits the initial threshold was found to be 0.18±0.006 seconds 
with a range of 0.05 to 0.9 seconds. One half hour after the threshold tonic convulsion was 
obtained the animal received an intraperitoneal injection of the compound to be tested and 
one hour after this the threshold was again determined bj’ appljfing the SO milliampere 
current for increasing durations from 0.05 seconds to a time value which resulted in a second 
tonic convulsion. A IS minute interval between shocks was maintained throughout since 
investigation showed that shorter intervals were apt to be accompanied by a more or less 
significant depression resulting from the previous shock, whereas intervals of 15 minutes or 
longer were found to result in a response free from such depression. By comparing the 
convulsant threshold following medication with the threshold J hour before the injection of 
the test compound, the anticonvulsant activities of the several compounds were established. 

In each instance the compound was injected intraperitoneally in the form of a solution of 
its sodium salt in water. The compound was taken into solution with a slight excess of 
sodium hydroxide, then the pH was adjusted to the lowest level possible (between 9.0 and 
U.0) which would permit the compound to remain completely in solution, then made up to 
volume with distilled water. Dosage used was based on and expressed in terms of millimols 
per kilogram ef body weight of the animal (mil/kg). 

In order to establish that the depression which follows a tonic convulsion is not of suffi- 
cient magnitude to influence the results obtained by administering the drug, each animal 
was "standardized” by redetermining the time duration threshold without medication at 1 J 
hours after the initial convulsion. This value for the 33 animals so tested was found to 
average 0.24±0.023 seconds with a range of 0.05 to 0.4 seconds, or about 30% higher than the 
initial value. For evaluation of the anticonvulsant activity of the compounds a threshold 
time increase of 500% or 5 times the initial threshold can conservative!}' be insisted upon in 
order that the comparative evaluation of the several compounds may be unquestionable. 

H>'pnotic and lethal activities of the compounds have been determined in white mice 
and to some extent in rabbits. In mice, hypnosis was considered positive if righting re- 
flexes were lacking when the animal was placed on its back, and in rabbits the end point 
Was taken to be the inability to stand and the showing of little response when tapped briskly 
on the rump. In computing the hypnotic and lethal dosages the statistical method of Bliss 
(I93S) was used throughout. 

Anticonvulsant activities. The 12 compounds studied were found to fall into 
three distinct groups, as can be noted by study of table 2. Onij' 4 of the com- 
pounds showed marked anticonvulsant activity. These were, in order of greatest 
activity at a dosage of 0.2 mM/kg.: 5-phenyl-5-but}’l barbituric acid (79 times 
the original threshold); 5-phcnyl-5-propyl barbituric acid (59 times the initial 

* 'Vc have observed that with prolonged application of current, a more or less marked 
depression becomes evident, and that this becomes more pronounced with the longer du- 
nitions. With shocks up to 1 second the convuls-ant action seems to be enhanced, but with 
durations of 10 seconds or longer, the convulsive response is distinctly less severe. 
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Methods. The methods used hy the several investigators of the anticonvulsive 
activities of compounds in recent years have been widely divergent, and the results found 
have been contradictory in nature in some instances. Before 1937, and frequently since 
then, the experimental induction of convulsions in animals has been accomplished by in- 
jection of one of the several convulsant drugs into the animal, for example, camphor, co- 
caine, metrazol, picrotoxin, thujone and similar substances. The use of electrically in- 
duced convulsive responses in the study of anticonvulsant drugs, first reported byAlbertoni 
(1882), has become coirunon since the introduction of electroshock as a therapeutic pro- 
cedure in psychiatry by Cerletti and Bini (1938). Speigel (1937) determined the convulsive 
reactivity of cats and rabbits by electrical stimulation through the eyeballs with an 
apparatus which permitted variation of both voltage and duration of an alternating current. 
Merritt, Putnam and Schwab (1938), Knoefel and lehmann (1942), and Tainter and co- 
workers (1943) determined the convulsant threshold in terms of current strength with the 

TABLE 1 


Identification of derivatives 


NH CO— NH 

io — c — CO 

/\ 

R. Ri 

ItELTINC POrKT 
roDND 

ItELTtNC POIKT 

X£ POSTED 



•c. 

•c. 

Butyl 

Butyl 

155-156 

153* 158'’ 

Phenyl 

Propyl 

193-194 

190« 


Butyl 

213-214 

— 


jsoButyl 

175-176 

— 

Phenyl 

Amyl 

171-172 

— 

Phenyl 

Hexyl 

159-160 

152-155'' 

Phenyl 

Phenyl 

296 

290-292’ 

Benzyl 

Ethyl 

211-212 

206-207' 

Benzyl 

Butyl 

195 

195' 


• Tiffeneau: Bull. soc. chim. 33, 183, (1923). 

•’ Kamm and Volwiler; U. S. #1,331,712 Feb. 24, 1920. 

• Hoerlein: U. S. #1,025,526 May 7, 1912. 

^ Chamberlin, Doyle and Spaulding: J. Am. Chem. Soc. 57, 352, (1935). 

• McElvain: J. Am. Chem. Soc. 57, 1303, (1935). 

' Dox and Yoder: J. Am. Chem. Soc. 44, 1141, (1922). 

duration of current flow kept constant at 10 or 15 seconds. On the other hand, Kozelka, 
Hine and Grieber (1942) determined the convulsant threshold in terms of duration of current 
flow with the current kept at a constant strength, and by use of this method they were able 
to show threshold rises of from 2 to 10 times, while the other investigators found increases 
in threshold of only 1.3 to 2 times the initial level by keeping the duration constant and 
varying the current intensity. 

In the present study the following modification of Kozelka ’s method has been used : The 
convulsive seizures were produced in rabbits by passing a 50 milliampere 60 cycle sine wave 
current through the head of the animal for periods of current flow ranging from a minimum 
of 0.05 second to as long as 30 seconds when that long a duration was found necessary. The 
current was applied through J inch square solder covered copper electrodes held in position 
on the temporal region by elastic tapes. Contact was assured by using an electrode jelly. 
An Offner electroshock therapy apparatus was used, and because of the desirability of using 
shocks of durations falling between 1 and 10 seconds, as well as above 10 seconds, it was 
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threshold); 5-pheiiyl-5-ethyl barbituric acid, or pbenobarbital, (58 times the 
initial threshold); and 5-phenyl-5-rsobutyl barbituric acid (56 times the initial 
threshold). The minimal effective dose, taken as the dosage that will raise the 
threshold 500% or 5 times the initial threshold in 50% of the animals, has been 
computed for these four compoimds and for 5,5-diphenyl hydantoin (dilantin) 
for comparison, using the statistical method of Bliss (1938) and the data is given 
in table 3. 

A second group of compounds showed only moderate anticonvulsive activity 
at a dosage of 0.2 mM/kg. and included dilantin (8.2 times the initial threshold); 
5-phenyl-5-amyl barbituric acid (7.5 times the initial threshold); 5-benzyl-5- 
ethyl barbituric acid (7.1 times the initial threshold) ; and 5-butyl-5-ethyl barbitu- 
ric acid (6.2 times the initial threshold). 

The remaining compounds were essentially inactive at a dosage of 0.2 mM/kg. 
These were 5-benzyl-5-butyl barbituric acid (2.4 times the imtial threshold); 
5,5-dibutyl barbituric acid (1.9 times the initial threshold) ; 5-phenyl-5-he.xyl 

TABLE 3 


AnticonBulsanl activities of barbituric acid derivatives and dilantin 


NH CO-NH 

CO C — to 

^ \ 

1 OT SABSm SBOWTKC 5 TQfES 1KC&£A5£ IK 

OUSATIOK 7BUSB0U>/NtniB£S ANIUAU TZSTZD 

1 

ANneONVULSAyX 

t>OSE 

AC*50 

&M/KO 

Dose SB mMAg 

I O.OJS I 

0.05 

0.10 

0.20 i 

1 0.40 

Phenyl Ethyl 

||H 

9/23 

19/31 

27/31 

mm 

0.069 ±.012 

Phenyl Propyl 


4/13 


B ^ 


0.083 ±.016 

Phenyl ijoButyl 


6/11 

5/11 

B B 


0.07 

Phenyl Butvl. . . 

4/12 

4/21 

18/23 

B w n 

4/4 

0.059 ±.012 



4/11 

6/21 

11/21 

— 

0.279 ±.418 


barbituric acid (1.1 times the initial threshold); and 5,5-diphenyl barbituric 
^cid (1.3 times the initial threshold). This latter compound at a dosage of 0.5 
mM/kg., exhibited a moderate anticonvulsant activity. 

The marked anticonvulsant action of dilantin reported by Merritt, Putnam 
and Schwab (1938) and by Knoefel and Lehmann (1942) in cats has not been 
observed in the present investigation in rabbits. At the highest dosages used, 
^ mM/kg. or 42.2 mg/kg., the threshold was raised by only about 8 times. 
Moreover, at that dosage severe symptoms of diarrhea were almost always pres- 
ent which lasted for about a week. In three cases death resulted within two days 
ollovdng dilantin intraperitoneally and in tw'o of these the drug was certainly 
contributory to death, while in the other it was possible that other factors may 
have entered into the fatal outcome. It seems likely that rabbits are less able 
to tolerate the strongly basic solution than are cats. Rabbits also seem to be 
somewhat more resistant to showing anticonvulsant action of the drugs. It is 
possible that chronic dosage would have sho^vn a greater anticonvulsant effect, 

but the effect of a single administration only was made the subject of the present 
study. 
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TABLE 2 


Anticonvulsant activities of barbituric acid derivatives and dilantin on threshold for 
electrically induced convulsions in rabbits 


COUPOtTNO 

NH — CO-NH 

io C Ix) 

/\ 

Ri R> 

DOSE rv 
uM/eo I 

i 

K 0 UBES. or 

ANOCAlS 

INjECTEO 

mruses 

SHOWINO 

HYPNOSIS 

NITU9ES or 

DEATHS 

l£EAN DUEATIOV IN SECONDS OT 
50 iOmAMPEEES COTEENT TO 
CAOSE TONIC CONVULSION 

Initial 

Final 

Control 

1 

33 

0 

0 

0.18 

0.24 

Butyl Ethyl 

0.05 

9 

0 

0 

0.13 

0.54 


O.IO 

9 

0 

0 

0.18 

0.77 


0.20 

16 

11 

0 

0.16 

1.25 

Butyl Butyl 

0.20 

5 

3 

0 

0.12 

0.49 

Phenyl Ethyl 

0.05 

23 

0 

0 

0.15 

0.63 


0.10 

31 

0 

0 

0.16 

3.40 


' 0.20 

1 

31 j 

9 

0 

0.18 

11.74 

Phenyl Propyl 

0.05 

13 i 

0 

0 

0.23 

0.66 


0.10 

20 

0 

0 

0.19 

1.30 


0.20 

1 

12 

1 

4 

0 

0.21 

11.78 

Phenyl jroButyl 

0.05 

n 

0 

0 

0.17 

0.56 


0.10 

11 

0 

0 

0.15 

0.64 


0.20 

11 

0 

0 

0.15 

11.22 

Phenyl Butyl 

0.025 

12 

0 

0 

0.17 

0.58 


0.05 

22 

0 

0 

0.26 

0.59 


0.10 

f 23 

0 

0 

0.22 

4.00 


0.20 

20 

0 

0 

0.20 

16.87 


0.40 

4 

1 

0 

0.10 

24.38 

Phenyl Amyl 

0.10 

8 

0 

0 

0.25 

0.32 


0.20 

6 

0 

0 

0.21 

1.50 

Phenyl Hexyl 

0.10 

4 

1 

0 

0 

0.20 

0.65 


0.20 

4 

0 

0 

0.26 

0.27 

Phenyl Phenyl 

0.20 

7 

0 

0 

0.13 

0.38 


0.50 

' 8 

1 

0 

0 

0.17 

1.46 

Benzyl Ethyl 

0.05 

3 

0 

0 

0.16 

0.30 


0.10 

6 

0 

0 

0.13 

0.40 


0.20 

9 

4 

0 

0.13 

1.43 

Benzyl Butyl 

0.20 

8 

1 

1 

0.12 

0.22 

Dilantin 1 


mm 

0 

0 

0.15 

0.55 


0.10 


0 

0 

0.19 

0.84 

- 

0.20 


0 

3 

0.17 

1.63 
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at 0 8 mM/kg. in 59% as calculated from table 4. Calculation of hypnotic dose 
for 50% (HD-50) from these data pves about 0.7 mM/kg for 5-phenyl-5-butyl 
barbitunc acid, ■which may be compared -^vith 0.3 mM/kg for5-phenyl-5-ethyl 
barbituric acid (phenobarbital) as reported by Shonle and Moment (1923) and 
confirmed by our data. 


TABLE 5 


Acute toxicity and hypnotic action of barbituric acid derivatives and dilantin in Albino mice 
following intraperitoneal injections 


NH — CO-VH 

(io — c — CO 
/\, 

NOKBEl or 
MICE 
INJECTED 

HD SO 
in&I/KC 

CD 50 
mM/KC 

LD 50 
toM/EC 

Butyl Ethyl 

50 

374 ± 036 


1 506 ± 102 

Butyl Butyl 

50 

.321 ± 025 


967 ± 048 

Phenyl Ethyl 

160 

277 ± 012 


954 ± 042 

Phenyl Propyl 

140 

336 ± 020 


1 122 ±.020 

Phenyl isoButyl 

80 

303 ± 033 

i 

978 ±.082 

Phenyl Butyl 

120 

333 ± 024 


901 ± 010 

Phenyl Amyl 

140 

459 ± 041 


1 301 ± 034 

Phenyl Hexyl . 

60 

not hypnotic 


639 ±.162 

Phenyl Phenyl 

140 

1 362 d; 034 


2 040 ±.068 

Benzyl Ethyl 

60 

about .2 

about 15 

295 ± 094 

Benzyl Butyl 

60 

not hypnotic 

308 ± 024 

372 ± 023 

Dilantin 

30 

not hypnotic 

about 40 

.985 ± 103 


Some relation among the compounds reported in table 5 is more evident 
between chemical constitution and hypnotic activity in mice The activity in 
the series of 5-phenyl-5-alkyl barbitunc acids can be e\pressed as 

Ph-Et > Ph-Pr = Ph-Bu > Ph-Am > Ph-Hex 

and phenyl-wobutyl is almost as active as phenyl-ethyl Butyl-ethyl is some- 
what less active than dibutyl, and diphenyl is even less active as an hj’pnotic 
agent. The 5-bcnzyl-5-cthyl derivative showed a marked depressant action, 
but i\hether its action is hypnotic and similar to that of the others is not clear 
because of its convulsant actions 

Convulsanl aclimlics. Benzyl-ethyl and benzyl-butyl barbituric acids were 
both found to be convulsant compounds, as had been reported by Shonle and 
Moment (1923) for the benzyl-ethyl and benzyl-propjd compounds However, 
the convulsive seizures produced by the two compounds studied are markedly 
different. Benzyl-ethyl barbituric acid produces a generalized clonic convulsive 
effect which is recurrent for hours - The movements in the convulsion are verj’ 

’The do'e-cfipct curio for corwulsant activity following injections of 5 bcnijl-5 cthjl 
liarbiUiric ncid IS \crj' sleep At 0 1 mJl/tK no coni ulsions resulted, jet nt 0 2 mM/tg. 
all of llio nnimals exhibited comulsiie responses This may indicate an all or none tjpo 
of response with but little lariation in threshold between induiduals With higher doses 
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Dilantin is precipitated from a solution of its sodium salt at a pH of 9 or less, 
and the poor solubility of the free acid might account for the lack of response to 
a single intraperitoneal injection. It seems doubtful that this can entirely ex- 
plain the lack of anticonvulsant activity following a single dose in view of the 
definite convulsant response which can be elicited with only slightly higher 
single doses A similar problem is encountered with some of the less soluble 
barbitals used, which also are precipitated at pH 9 and so will be in the form of the 
free acid at the pH of the body. 

Hypnotic Aclimties The hypnotic actions of the series of compounds included 
in the present study are summarized for rabbits in tables 2 and 4, and are sum- 
marized for mice in table 5 after the statistical computations were made on the 

TABLE 4 

Hypnotic nclion of barbituric acid derivatives and dilantin in rabbits 

following intraperitoneal injections 


Dilantin 

• Number in parentheses represents the number of animals which died. 

observations. With the criterion for hypnosis set at a level in rabbits at which 
the animal is no longer able to sit upright without vigorous proddmg, it is to be 
observed in table 4 that at 0.2 mM/kg the 5-butyl-5-ethyl and 5,5-dibutyl bar- 
bituric acids showed hypnosis in 69% and 60% of the animals respectively. 
Phenobarbital, or 5-phenyl-5-ethyl barbituric acid, showed hypnosis in 29% and 
5-phenyl-5-propyl barbituric acid in 33%. In the 5-phenyl-5-alkyl series, with 
alkyl groups larger than propyl, the hypnotic activities at this dosage were not 
sufficient to meet the arbitraiy criterion for hypnosis. Although none of the 
animals was down, a 0.2 mM/kg. dosage of 5-phenyl-5-wobutyl barbituric acid 
caused marked interference -with equilibrium or obvious drowsiness m 36%, 
while 5-phenyl-5-butyl barbituric acid was not hypnotic at all. The 5-phenyl-5- 
butyl barbituric acid was hypnotic at 0.4 mM/kg. in only 20% of the animals and 


WUBER OT RABSrrS ESOWINC HYl»VOSlS/VUir»XR OT RABBITS ITSIZD 


Dose m inMAs: 


0 OS 

0 10 

0 20 

0 40 

0/9 

0/9 

11/16 




3/5 


0/23 

0/31 

9/31 

2/2 

0/13 

0/20 

4/12 


0/11 

0/11 

0/11 


0/24 

0/25 

0/21 

2/10 


0/8 

0/6 



0/4 

0/4 




0/7 


0/3 

0/6 

4/9 

1/8(1*) 



3/7 4/7 7/7(4*) 


NH CO-NH 

io C — to 


Butyl Ethyl 
Butyl Butyl 
Phenyl Ethyl . 
Phenyl Propyl 
Phenyl isoButyl 
Phenyl Butyl 
Phenyl Amyl 
Phenyl Hexyl 
Phenyl Phenyl 
Benzyl Ethyl . 
Benzyl Butyl 
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studied the influeace of electroshock on the electroencephalogram in rabbits, 
using a 60 cycle alternating current of 25 to 35 volts with a duration of 0.1 second. 
As stated by Jessner and Ryan (1941), “when compared to the electroencephalo- 
grams taken during metrazol convulsions the records bore a close resemblance. 
The brain, once induced to discharge its energy explosively, seems to act in the 
same way, regardless of how the explosion is set off, and it appears that the 
pattern is the same for rabbit, cat and man.” The anticonvulsant action of 
drugs must involve a mechanism which increases the resistance against irradia- 
tion of motor discharge. Just how this takes place is not clear but it apparently 
does not necessitate a marked depression of higher nervous centers that are pro- 
ductive of hypnotic action. 

The demonstration by Merritt, Putnam and Schwab (1938) that 5,5-diphenyl 
hydantoin (dilantin) is notably anticonvulsant, yet lacks hypnotic activity, 
showed the necessity for formulating a new h 3 Tothesis as to the mechanism of the 
anticonvulsant action of hydantoin derivatives and possibly of other types of 
compounds. The extensive clinically successful use of dilantin for the treatment 
of epilepsy and related disorders in man, in doses not producing significant degrees 
of hypnotic action, has well substantiated the idea of differential central depres- 
sant actions for dilantin. By use of combinations of phenobarbital and amphet- 
amine (benzedrine) in the treatment of epilepsy, Cohen and Myerson (1938) 
were able to demonstrate that the hypnotic action of phenobarbital coul(^ be 
effectively antagonized by amphetamine without apparent decrease in effective- 
ness for the treatment of epilepsy. 

In the present investigation a number of observations support the idew that 
two discrete mechanisms are involved in the anticonvulsant and h 3 Tmotic actions 
of the barbituric acid derivatives studied. Action on one of these mechanisms 
results in hypnosis and action on the other mechanism results in blocking the 
spread of nervous impulses, which if left imblocked would result in convulsive 
movements. That phenyl-butyl barbituric acid shows a markedly greater anti- 
convulsant action than phenyl-ethyl, phenyl-propyl or phenyl-jsobutyl barbituric 
acids, while showing an hypnotic activity of only about § that of phenyl-ethyl or 
i that of the other two compounds, is in accord with such a concept. But 3 d-ethyl 
barbituric acid (neonal) at 0.2 mM/kg. produced sleep in 30% of the rabbits, 
but only increased the threshold to electrically induced convulsions to 6 times 
the control level. In contrast, a dose of 0.8 mM/kg. of phenjd-butjd barbituric 
acid was required to produce sleep in 57% of the rabbits, yet at one-quarter that 
dosage, ivithout anj' hypnotic effect, the convulsant threshold was increased to 
<9 times the control level. That the basic mechanisms for anticonvulsant and 
hypnotic actions are ide’ntical or interdependent is also made verj’ improbable by 
the presence of both convulsions and h>’pnosis at the same time following admini- 
stration of bcnzj-l-cthyl barbituric acid. 

The present investigation shows that the presence of a phenj'l group in bar- 
bituric acid derivatives is important for the development of a considerable degree 
cf anticonvuls.ant activitj’. The anticomulsant activitj' of the butj’l-.alkj’l 
derivatives studied is relativelj' slight. Ncvcrthclc.ss, the presence of a second 
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^knd legs m particular are m an exaggerated state of extension. The respira- 

involved and respiration continues quite well 
S is W exaggerated and the slightest 

In r On the other hand, depres- 

die of exhaustion” evident throughout and the animals apparently 

like in appears to be more strychnine- 

from the flsnt. • than clonic and death results 

A.Sr-^ produced by the tonic immobilization of the respiratory 

ZwSthe f ^ "e®«^tion of rSiration 

nTS,? r, ° the respiratory arrest. 

con^d^J^th T^, convulsant at 0 4 mM/kg. in mice. The 

nTIddnor\hot r? elomc. were neither like those from benzyl-ethyl barbitu- 
a period of incrpn • 'butyl barbituric acid. The animals first exhibited 

excitement, then a spastic gait, and then 
s win? f ^ few nimuL later these 

occasional auick clnrTc h ^ f tonic extensor convulsion with 

wrusuaiv m^ki manifest. Opisthotonus 

r,rpSTJi«?a tir r- “ ; 

for hours thus cfto,. OK TVT /I f convulsive response is recurrent 

after 3 hours and aft^r T ^ tbe animals were still convulsing 

sions after 27 houre. In severafS the”rTSr nf recurrent convul- 

amoreorlessmarkedmurrii:^^^^^^^^ 

deteShedTn whi of this series of compounds have been 

period of Nervation. ThelaristicaSte'”^''''^'”'' f 
activities given in table 5 It itiU be sem £ 'th^e^' h"”*^ 
relationship between toxicity and chemic“ L” S'S 

Sr -troduction of the benzyl groupTaleTthTdeSives mom 

aboupmMAg.or°afoutLt^ 

for phenyl-ethyl barbituric acid (phenobarbital). ^ ^ ^ 

DISCUSSION 

resulting from passage of a 60 cycle altemating current 
through the bram are typically epileptifonn. Lowenbach and Lymfn (1940) 


the recurrence of convulsive seizures was more prolonged, for example, 0.6 mMAx showed 
recurrences for 7 hours. wWe ower doses of 0.4 0.2. and 0.15 mM/kg. 'showed reenrrenoes 
for 4, 3 and 2 hours respectively. This nmy indicate an inactivation or elimination of the 
surplus at a fairly uniform rate to a level below the threshold required for action. 
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phenyl group decreases rather than increases this actmty. With the phenyl- 
alkyl derivatives the anticonvulsant activity is shown only to 5 carbon atoms in 
the alkyl group. There is apparently a maximum of this activity in the butyl 
derivative and a branching of the alkyl group, as in the phenyl-fsobutyl deriva- 
tive, lessens the anticonvulsant efficiency to even somewhat less than that of the 
corresponding propyl compound. 

It has been found by Dox and Yoder (1922), and further observ'ed by Shonle 
and Moment (1923), that the presence of a benzyl group in the 5- position in 
certain 5-alkyl barbituric acids appears to result in marked convulsant activity. 
The present investigation bears this out and extends the observations t6 include 
the benzyl-butyl derivative. It is of interest to note that the hypnotic activities 
of the benzyl-ethyl derivative and of the isomeric phenyl-propyl derivative are 
almost identical. However, with regard to anticonvulsant actmties, the 
phenyl-propyl compound is about 8 times more effective than its convulsion- 
producing isomer. Correspondingly, benzyl-butyl barbituric acid is about 3 
times less active than the isomeric phenyl-amyl compound in hnticonvulsant 
activity. 


SUMMARY 

1. Additional evidence, from studies of the comparative central actions of 
dialkyl, phenyl-alkyl and diphenyl barbituric acids, is presented to show that the 
mechanism which raises the convulsant threshold is different from the mechanism 
producing hypnosis as evidenced by ataxia and drowsiness. 

2. Anticonvulsant activity of barbituric acid derivatives is intensified by the 
presence of one 5-phenyl group, diminished by the presence of a second 5-phenyl 
group, and maximal with the phenyl-butyl compound in the series of phenyl- 
alkyl barbituric acids. 

3. Among the 5-phenyl-5-alkyl barbituric acids the widest range between 
anticonvulsant and hypnotic activities was found to be with 5 -phenyl- 5 -butyl 
barbituric acid. 

4. Of the ten dialkyl and phenyl-alkyl barbituric acids studied, 5-phenyl-5- 
butyl barbituric acid showed the most marked anticonvulsant activity at dose 
levels below the hypnotic dose range. 

5. The hypnotic activities of the phenyl-alkyl barbituric acids are greatest 
with the compounds containing the smallest alkyl groups, and this type of central 
depressant activity decreases rvith increasing size of the alkyl group. 
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Tissues are analyzed by the method of Simesen (7). Conjugated derivatives in urine are 
hydrolj’zed by acidification mth an equal volume of 4N hydrochloric acid, heating in a 
boiling water bath for an hour, followed by determination in the usual way. Conjugated 
derivatives in feees are hydrolyzed by treating the alcoholic e.xtracts with an equal volume 
of 2N hydrochloric acid for an hour at 100°C. 

Acute and chronic toxicity. The toxicity of DBS has been studied chiefly in 
white mice along with some incidental observations in albino rats and rabbits. 
The drug was administered orally to mice as a suspension in gum tragacanth 
solution, and the concentration was so regulated that a dose would be contained 
in 0.1 to 0.5 cc. SLx separate acute to.xicity experiments were run. The four 
which were in the best agreement, involving a total of 257 mice, gave the LDbo 
as 3.2 ± 0.3 gm./kgm.' The other two tests, involving 137 mice, gave a value 
of about 7 gm./kgm. These results served to support the contention of Long, 
Haviland, and Edwards (9) that the acute toxicity of a poorly soluble sulfonamide 
compound cannot reliablj'' be determined by oral administration. They state 
that the method of choice is the subcutaneous administration of the sodium salt. 
The acute tox-icities of sulfanilamide, sulfathiazole, and of DBS were therefore 
compared in that way. The dosage levels used -were 0.75, 1.5, 3.0, and 4.5 
gm./kgm. (calculated as the free acid), with 33 mice in each group. The LDeo 
found for both sulfanilamide and sulfathiazole was 1.5 ± 0.3 gm./kgm., and for 
DBS, 2.5 ± 0.35 gm./kgm. Long, Haviland, and Edwards found the LDbo for 
sodium sulfanilamide to be about 2.8 gm./kgm., and for sodium sulfathiazole 2.0 
gm./kgm. (both calculated as the free acid). As for oral subacute toxicity, the 
highest dose of DBS which mice could tolerate was 1 gm./kgm. /day; when 
repeated daily for 14 days, this amount killed 17 of 31 animals. 

Rabbits tolerated 250 mgm./kgm. orally for 3 days without obvious signs of 
toxicity. WTien they received 500 mgm./kgm./day for 6 days there were no 
immediate deaths, but 2 of 5 animals died during the following week and the 
others sunived as long as obsen'ed.^ 

Albino rats were somewhat variable in their response to repeated medication 
with DBS. In one experiment, two oral doses of 1 gm./kgm. /day caused such 
depression that no dose was given on the third day. However, 11 of the 12 ani- 
mals sur\ived a repetition of the dose on the fourth day.’ On the other hand, 
in a subsequent experiment, 24 rats received 750 mgm./kgm. daily' for 0 days, 
followed by 1 gm. per kgm. daily from the eighth to thirteenth days and 2 
gm./kgm./daily from the fifteenth to the twenty-fourth day (omitting the 
twenty-first) with only 6 deaths. 

’ Tlio standard error was estimated graphically by t lie method of Miller and Taintcr (S). 

’DBS Was found in the liver and kidney tissue of these animals, the concentration (with- 
out acid hydrolysi-s) being of the order of 5 mg./lOO gm. Ilistopathological examination of 
the kidneys showed moderate to severe diffuse nephrosis. 

’The animals were Baerificed on the fifth day and representative tissues of two were 
removed for pathological study. In these animals the spleens, hearts, livers and lungs 
"ere normal. In the kidneys there was dilatation of the tubules, and these also contained 
ralcificd concretions. There was no necrosis in any organ. 
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A series of investigations recently reported from this laboratory (1) demon- 
strated that a group of the sulfaniljdanilides is very effective in vitro against a 
variety of pathogenic microorganisms. Behnisch, Klarer, and Mietzsch (2) first 
described the preparation of one of the principal compounds of this group, 3', 5 - 
dibromosulfanilanilide (hereinafter referred to as DBS), which they reported 
to be effective in the treatment of avian malaria. Marshall, Litchfield, and 
IVhite (3) found that DBS and its dichlor analogue (DCS) were highly active 
against both cathemerium and lophurae malaria in ducks. Against the latter 
infection the two drugs were not significantly antagonized by an amount of 
p-aminobenzoic acid which completely antagonized sulfadiazine. Goetchius and 
Lawrence (I) noted that the antibacterial action of these two sulfanilanilides was 
not opposed by PABA. More recently, however, Schmidt and Sesler (3a) have 
shown that this generalization must be qualified. Specifically, they found that 
the action of DBS and DCS against Gram-positive cocci was not affected by 
PABA, while the action against Gram-negative cocci was uniformly blocked. 
No favorable effects were noted in vivo when infections with ^-hemolytic strepto- 
coccus or pneumococcus were treated with DBS or DCS. The observation of 
Goetchius and Lawrence that DBS is particularly effective against a sulfonamide- 
resistant strain of N. gonorrhoeae led to the study reported in this paper. 

Physical properties of DBS. The method of preparation of DBS and related 
compounds has been described in detail by Kaplan and Leubner (4). The com- 
pound is weakly acidic, a 1% solution of the sodium salt having a pH of 9.8. 
The solubility of DBS in water is very limited, some tjTpical figures being as 
follows; about 0.4 mgm. is dissolved by 100 cc. of distilled water at 22'’C., and 
1.3 mgm. at 37°C. In 2% aqueous sodium bicarbonate at 37°C. the solubility 
is 9.5 mgm. per 100 cc. In 0.05 M phosphate buffer at pH 8 and 22'’C. the solu- 
bility is 3.4 mgm. per 100 cc. These values were determined by the usual 
saturation methods. 

Chemical Determination. DBS is readily determined by the method of Bratton and 
Marshall (5). In order to keep the colored diazo compound in solution, however, it is 
necessary that the final solution contain 40 volumes % of 95% alcohol; hence, after the 
treatment with sulfamic acid, 10 ce. of alcohol are added for each 25 cc. final volume, with 
due allowance being made if any alcohol is alreadj- present. For the determination of 
DBS in blood, the early alcoholic precipitation method of Marshall, Emerson and Cutting 
(6) has been used, with recoveries of 95-100%. Feces to be analyzed are first dried, then 
ground and thoroughly mixed. They are extracted three times, with about 50 parts of 
boiling 95% alcohol, and aliquots of the combined e.xtracts are taken for analysis. After 
the above treatment the fecal residues contain no material which gives a diazo reaction. 

SOS 
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(i.e. capable of diazotization without preliminaiy hydrolysis) and conjugated 
DBS. The results are given in table 2. 

About half of the total drug given was recovered and less than was in the 
feces, thus indicating good absorption. The urinary concentrations (i.e., “di- 
rect”) were very high, and far exceeded the known solubility of the drug even at 
the pH of rabbit urine. This point is considered more in detail below. 

Metabolism of DBS in the rabbit. The analytical values obtained indicate that 
in this species roughly half of the drug appearing in the urine is conjugated. The 

. TABLE 2 


Excretion of DBS by rabbits receiving SBO mgm./kgm. orally daily for S days 


CSOtTP 

BAY 

or 

EXPT. 

1 

■ 

rxcAL ExesmaKt 
iccu. 

1 

[ UUNAJtY EXaumON 

lOIAJ. 

SZOtETJON 

Kcac. 

Dir.t 

Coojug. 

Men. 1 

1 Mgm. % 

Dir. 

1 Conjug. j 



I 

1 

2880 

■■ 

0 

300 

225 

1 

67 

SO 

626 


2 

2880 


18 

641 

207 

67 

26 

921 


3 

2880 

264 

0 

515 

424 

79 

66 1 

1203 


4 

0 

92 

0 

399 

117 

89 

25 i 

608 


S 

0 

0 

0 

180 

167 

42 

38 

337 


6 

0 

0 

0 

163* 

92 

39 

22 

225 

Total 

8640 

612 

18 

2098 

1222 



3950 

II 

1 

2420 

184 

0 

279 

109 

53 

19 

672 


2 

2420 

290 1 

25 

422 

187 

66 

24 

924 


3 

2420 

388 

36 

545 

413 

81 

64 

1382 


4 

0 

119 

0 

249 

62 

57 

15 

430 


S 

0 

0 

0 

115 

164 

23 

38 

279 


6 

0 

0 

0 

t85 

199 

29 

69 

284 

Total 

7260 

981 

61 

1695 

1134 



3871 


* On 7th day found 86 mgm. additional, 
t On 7th day found 32 ingm. additional. 

t “Direct” DBS is determined on urine without preliminary extraction or hydrolysis. 


identity of the conjugated form has not been established but it is known that the 
combination is very labile since it is completely hydrolyzed simply by heating 
for an hour at 100“C. without adjustment of pH. The “direct” reacting material 
m the urine was shown to be free DBS as follows, uang the method of Scudi and 
Silber (11): 

^ The urine was acidified to pH 2.5 with sulfiuic acid and after 24 hours refrigera- 
tion, the precipitate was collected on a filter. The dried precipitate was dissolved 
ui warm butanol, the insoluble material was filtered off, and the solution was 
extracted with 0.1 N NaOH. The substance which was extracted could be pre- 
cipitated by acid, but the amount was very small and it could not be cijatallizcd. 
^t gave a positive diazo reaction and a poative ToUen’s test for glycuronic acid. 
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Absorption and metabolism. The low solubility of DBS precludes rapid 
and extensive absorption. Nevertheless, it was hoped that definitely bactericidal 
blood levels could be achieved in spite of these limitations. Absorption experi- 
ments were conducted in rats, dogs, rabbits, and men to study this point, with 
the following results. 

Albino rat. Studies of blood levels following the oral administration of 250 
mgm./kgm. are given in table 1. They compare favorably with those obtained 
following similar doses of sulfathiazole (10) and indicate good absorption. In 
metabolism experiments, it was found that of oral doses of 200 and 1000 
mgm./kgm. to rats, only 10 and 16% respectively was foxmd in the feces, which 

TABLE 1 


Whole blood levels of DBS in the albino rat and the dog following oral administration 


Boms 

ATTE* 

ABUIK- 

A. ALBtKO BATt 

1 


B.DOCS 



Dose 

Mean fr« DBS 

Dose 

1 McanDBS^mpn % d: SJE. | 


1 Mean DBS, tngm.% ± SX* 

TtON 

1 ! 

I Conjog. 


Free ' 

Conjug. 


tnpn,/ 

Jegm. 

rrttfn.% ± S£.* 

mtm./ 

igm. 



Qj 



2 

250 

4.6 ± 0.4 

60 




1.1 ±0.6 


4 

250 


60 

2.8 ± 1.1 

nilnijn 


! 2.1 ± 2.4 


6 

250 

6.8 ±0.4 1 

60 

3.0 ± 1.1 

HRfcSIM 

1 60 

1 0.4 ± 0.5 

0 

8 j 

250 j 

r.6± 0.3 

60 

2.1 ± 0.2 

0 

60 

0.7 ±0.9 

0.1 ±0.1 

12 

250 

4.1 ± 0.3 




1 

1 


16 

250 1 

6.1 ± 0,6 

1 



1 

1 


20 

250 

3.8 ± 0.6 

1 






24 

250 

trace 

60 

0.2 ±0.2 

0.4 ± 0.4 


1 



* Calculated mathematically (8) . 

t With 240 mgm. of NaHCOi. 

j There were S to 10 rats in each group. 

5 There were 4 dogs to each group, the same animals for each experiment. 

also indicates good absorption. However, only small amounts of the drug 
(mostly conjugated) were found in the urine, and the fate of the remainder was 
not clear. 

Dog. Typical blood levels following the oral administration of 60 mgm./kgm. 
to this species are also included in table 1 . Erratic absorption is indicated, since 
it was impossible to duplicate results from one e.xperiment to another, and the 
administration of large doses of bicarbonate failed to improve absorption. Only 
a minute fraction of the oral doses appeared in the urine. 

Rahhil. As judged from the amoimts e.xcreted in the urine, the rabbit appears 
to absorb DBS quite well. The experimental methods are described below. 

Two groups of three rabbits were used as subjects. Urine was collected quan- 
titatively and feces were caught on a wire screen. By means of a stomach tube 
each animal received a dose of 250 mgm./kgm. of DBS, as a 2.5% suspension in 
gum tragacanth solution, on each of three successive days. Urine and feces were 
collected for six days following the first dose and were analyzed for “direct” 
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to diyness. The bottom of the crucible is covered with a i inch layer of fusion 
mixture (285 parts powdered NaOH, 15 parts El^Oa). The organic matter is 
carefully destroyed by fusion and enough additional KNO 3 is added to oxidize the 
carbon particles. After cooling, the melt is dissolved in warm water, made up to 
25 cc., and centrifuged. Aliquots are taken for analysis in duplicate. On a third 

TABLE 3 

Ahiorplion and excretion of DBS hy four human subjects following ingestion by each 

of a 4 gm. dose 


UWKASY CONTENT OP DBS 


SUSJECT 

TIUB ATTZZ 
ZKlSAGC 



1 Mgm. % 



Free 

ToUl 

lotenral 

1 Direct 

1 Total 1 

Direct 

Total 


Arj. 



hrs. 





A 

1 

0 

0 

0-12 

33 

306 

6.5 

57.0 


3 

0 

0.7 







5 

0.5 

3.0 

12-24 

34 

368 

6.9 

75.3 


8 

0.2 

4.0 







24 

0 

1 

2.9 

24-36 

61 

194 

1.3 

41.3 

B* 

1 

' 0 

0.6 

0-12 

38 

182 

6.2 

29.3 


3 

msm 

1.7 







5 


3.3 

12-24 

84 

423 

5.4 

27.3 

1 

8 

1.8 

5.8 







24 

— 


24-36 

— 

— 

“ 

— 

C 

1 

0 

0.4 

0-12 j 

1 

8 

138 

1.3 

22.3 


3 

0.8 

2.0 1 







5 

0.7 

2.3 

12-24 

14 

236 

2.4 

40.0 


8 

0.7 

3.0 


1 





24 

0 

2.2 

24-36 

1 

— 

— 

— 

D 

1 

0 

1.1 

0-12 

15 

143 

4.1 

39.6 


3 

1.0 

1.9 







6 

0.7 

1.4 

12-24 


137 

0.3 

27.3 


8 

0 

2.0 


■■ 





24 

0 

2.0 

24-36 

n 

161 

0.1 

25.6 


* The slow rate of excretion of DBS is shown by another experiment on Subject B. 
After the ingestion of 4 gm.s. of DBS the mgms. of total drug excreted were as follows: 
0-24 hrs., 661; 24-48 hrs., 665; 48-72 hrs., 131; 72-96 hrs., 122; and 90-120 hrs., 65. This 
accounts for 1444 mgm., or 36.1% of the dose. 

aliquot the amount of 5N sulfuric acid needed for neutralization is determined. 
This amount is added to the other aliquots, followed by 5 cc. of 40% NaHjPOj 
and 10 cc. of commercial Cloro.x. From this point on the procedure is exactly as 
described by Friedman: the excess of hj^pochlorite is destro 3 ’ed by adding sodium 
formate, and the bromatc is titrated with tliiosulfntc. The method is vci^' pre- 
cise and the recoverj' of bromine added to urine as DBS is d= 2 per cent. It was 
how applied ns described below. 
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The butanol-soluble material was isolatedby evaporation of the butanol in vacuo, 
solution of the residue in water, and precipitation with acetic acid. The precipi- 
tate was readily crystallized from hot 25% ethanol and proved to be chemically 
pureDBS. The purity was demonstrated bymeltingpoint,mixedme]tingpoint, 
and colorimetric analysis. 

That it is possible for such an insoluble substance to exist in high concentration 
in rabbit urine is demonstrated by the following experiment. Two hundred 
mgm. of DBS were placed in a graduated cylinder and 3 drops of 10% NaOH 
were added followed by enough water to dissolve the sodium salt (about 12 
drops). Rabbit urine was then added to the 100 cc. mark and the mixture was 
filtered through Whatmau No. 1 paper until perfectly clear. The resulting pH 
was 8.4, which is about normal for rabbit urine, and the concentration of DBS 
was 140 mgm.%. However, when rabbit urine of the same pH was shaken 
overnight with an excess of DBS, only 15 mgm.% went into solution. Rabbit 
urine, therefore, is capable of retaining in solution quantities of DBS which far 
exceed the apparent aqueous solubility. 

Human Subjects. For the purpose of determining blood levels in man follow- 
ing oral ingestion of DBS, the drug was administered to four subjects after alight 
breakfast, the individual dose being 4 gms. or roughly 60 mgm./kgm. Blood 
samples were taken at intervals of 1, 3, 5, 8 and 24 hours thereafter, and were 
analyzed for "direct” and conjugated DBS. Urine samples were collected for 
0-12, 12-24, and 24-36 hours after dosage, and they were similarly analyzed. 
The results are given in table 3. 

The dosage of DBS used in this experiment was so chosen that the blood levels 
could be compared with those obtained by Barlow and Climenko (12) following 
the administration of sulfapyridine and sulfathiazole. Evidently the absoiption 
and metabolism of DBS follows an entirely different coiuse since it never attmns 
very high levels in the blood as the free thug. On the other hand, it is present 
in the conjugated form even up to 24 hours and reaches a maximum at 8 hours 
after administration. The logical interpretation of the data is that the drug is 
largely removed from the portal blood by the livmr, conjugated, and then slowly 
released for excretion by the kidneys. This interpretation also explains satisfac- 
torily the results of the urinary analyses. Appreciable amounts of free drug have 
been found only in the first 12 hours after administration, but conjugated DBS 
appears in the urine in significant amounts up to 120 hours (see table 4). This 
is in marked contrast to such drugs as sulfanilamide and sulfathiazole, the urinaiy 
excretion of which is largely complete within 48 hours (13, 14). 

The relatively small amount of DBS recovered from the urine of some human 
subjects raised the question whether the compoimd might be excreted in a form 
not detected by the analj’tical methods which were being used. The presence of 
bromine in the molecule provides a convenient check on this point since all bro- 
mine absorbed must eventually appear in the urine. A convenient method for 
the determination of organic bromine in urine proved to be the bromide method 
of Friedman (15) with some modifications. The procedure follows: 

A 10-25 cc. aliquot of urine is measured into a nickel crucible and is evaporated 
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to dryness. The bottom of the crucible is covered with a J inch layer of fusion 
mixture (285 parts powdered NaOH, 15 parts KNOi), The organic matter is 
carefully destroyed by fusion and enough additional KNOa is added to oxidize the 
carbon particles. After cooling, the melt is dissolved in warm water, made up to 
25 cc., and centrifuged. Aliquots are taken for analysis in duplicate. On a third 

TABLES 


Absorption and excretion of DBS by four human subjects following ingestion by each 

of a i gm. dose 


SUBJICT 

HUE Arm 
X>OSAGE 

BLOOD DBS 

UCU. % 

DWA’AEV CONTENT Qt DBS 

MDligrAffis j 

1 Mgm. % 

Free 

Tot&l 

Interval 

Direct 

Torn 

Direct 

Total 


hrs. 



hrs. 





A 

1 

0 

0 

0-12 

33 

306 

5.6 

57.0 


3 

0 

0.7 







5 

0.5 

3.0 

12-24 

34 

368 

6.9 

75.3 


8 

0.2 

4.0 




1 



24 

0 

2.9 

24-36 

61 

194 

1.3 

41.3 

B* 

1 

0 

0.6 

0-12 

38 

182 

6.2 

29.3 


3 

0.9 

1.7 







5 

1.0 

3.3 

12-24 

84 

423 

5.4 

27.3 


8 

1.8 

5.8 







24 ] 

— 

— 

24-36 

— 

— 

— 

— 

C 

1 

0 

0.4 

0-12 

8 

138 

1.3 

22.3 


3 

0.8 

2.0 







5 

0.7 

2.3 

12-24 

14 

236 

2.4 

40.0 


8 

0.7 

3.0 







24 

0 

2.2 

24-36 

— 

— 

— 

1 — 

D 

1 

0 

1.1 

0-12 

15 

143 

4.1 

39.6 


3 

1.0 

1.9 







6 

0.7 

1.4 

12-24 

2 

137 

0.3 

27.3 


8 

0 

2.0 







24 

0 

2.0 

24-36 

1 

161 

0.1 

25.6 











‘The slow rate of excretion of DBS is shown by another experiment on Subject B. 
After the ingestion of 4 gms. of DBS the mgms. of total drug excreted were as follows; 

hrs., 601; 24-d8 hrs., 5C5; 48-72 hrs., 131; 72-96 hrs., 122; and 96-120 hrs., 65. This 
accounts for 1444 mgm., or 38.1% of the dose. 

aliquot the amount of SN sulfuric acid needed for neutralization is determined. 
This amount is added to the other aliquots, followed by 5 cc. of 40% NaHjPOt 
and 10 cc. of commercial Clorox. From this point on the procedure is exactly as 
described by Friedman: the excess of bj-pochlorite is destroyed by adding sodium 
formate, and the bromate is titrated with thiosulfate. The method is very pre- 
otse and the rccovcrj- of bromine added to urine as DBS is d= 2 per cent. It was 
®ow applied ns described below. 
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Four human subjects took doses of 4 gm. of DBS orally, and urine was collected 
for each of the five followng days. The urines were analyzed for total DBS 
(following acid hydrolysis) and for total bromine, as described above. From the 
total bromine was subtracted the normal bromide excretion as previously deter- 
mined on these individuals (by the method of Friedman). The results are given 
in table 4; they demonstrate that the colorimetric analysis accounts for nearly as 
much of the drug as does the bromine analysis. While there were differences in 
the results on occasional samples, it is evident that the colorimetric method of 
analysis is not failing to detect any significant part of the excreted drug or of its 
metabolic products. 


TABLE 4 


Correlaiion of two meihods of analysis of urinary excretion of DBS by 4 human subjects 
following the ingestion of a i gm. dose 


SUBJECT 

2CE1BOOS or AKALYStS 

puuoD or Tiire aiteb incestiom 

TOTAI 

EXCSETIOK, 

ucu. 

0-24 hrs. 

24^8 hours 

48-72 hours 

72-96 hours 

96-120 hours 

A 

Colorimetric* 

172 

194 

94 1 

44 

42 

546 


Organic Br 

175 

228 

114 

72 

27 

616 

Bt 

Colorimetric 

672 

473 

187 

134 

65 

1431 


Organic Br 

592 

504 

255 

139 

76 

1566 

C 

Colorimetric 

115 

192 

209 

■■ 

118 

793 


Organic Br 

113 

190 

225 

■■ 

124 

806 

D 

Colorimetric 

■■ 

240 

124 

94 



655 


Organic Br 

■■ 

229 

124 

88 


637 


* All figures are in terms of mgm. of total drug (determined after acid hydrolysis), 
t Same as subject B, table 3. 


These data, along with those given in table 3, indicate that there are very 
appreciable differences in the extent to which human subjects absorb DBS. The 
average absorption would not appear to exceed 25%. 

Nature of the conjugated excretion product. In view of the large proportion of 
DBS which is excreted in the conjugated form, it was considered desirable to 
isolate this substance (or substances) and to determine whether it has any anti- 
bacterial action. The process used for its isolation and crystallization is de- 
scribed below: 

The urine is acidified to pH 2 and extracted twice with an equal volume of ether 
(by mechanical stirring for an hour each time). The ether is separated off and 
extracted by stirring for a few minutes with a liter of phosphate buffer containing 
SO gms. Na5HP0<-12H20, and 16 gms. NaHjPOi-HsO. The ether layer should 
become colorless. The aqueous layer is now adjusted to pH 2.5 and extracted by 
shaking with an equal volume of chloroform, the latter being discarded. Extrac- 
tion with ether is then made several times until no further color is evident in a 
fresh extract. The ether is dried over sodium sulfate, filtered, and evaporated to 
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about 200 cc. An excess of benzylamine is added to precipitate the salts of the 
various acids present. The precipitate is allowed to settle in the refrigerator 
overnight. 

The precipitated salts are now taken up in a small volume of methanol, two 
volumes of chloroform are added, followed by ether until the mixture becomes 
just cloudy. When the vessel is set aside in the refrigerator overnight, crystalli- 
zation will usually occur. If it does not, an oil will separate and the fractionation 
must be repeated. To do this, the solvents are evaporated off, the residue is 
taken up in 4% HCl and the organic acids are extracted into ether. The process 
given above is then repeated e.xactly beginning with the phosphate extraction, 
for which about 200 cc. of buffer solution may be used. Correspondingly smaller 
amounts of materials are used throughout. In this manner a considerable 
amount of impurities is eliminated and the benzylamine salt will usually ciystal- 
lize. It characteristically collects (during overnight refrigeration) as small 
needles on the sides and bottom of the vessel. The needles are intrinsically color- 
less but are ordinarily somewhat discolored by brown pigment. 

To recrystallize, the crystals are dissolved in the least possible volume of 
methanol; two volumes of chloroform are added, followed by two volumes of 
ether. After about 10 minutes at room temperature crystallization is complete. 
The product is collected on a Jena filter, washed with ether, and dried. M.p. 
when pure, 185-186°C. (dec.). From the mother liquor a further crop of less 
pure crystals may be obtained by adding more ether. 

The compound was subjected to elementary analysis,^ and hydrolysis to deter- 
mine DBS. Complete hydrolysis required heating in an autoclave with 4% 
HCl (15 lb,/15 min.). 

The analytical data follow: 

Analysis, %: C. 42.61; H, 4.35; N, 6.03; S, 4.83; Br, 22.48; DBS, 58.0 
Calculated for: C:,HnN,O.SBrj; C, 42.62; H, 4.40; N, 5.93; S, 4.52; Br, 22.63; DBS, 57,3; 
Mol. wt. 709.2 

When the known constituents, namely benzj'lamine and DBS, are subtracted, 
the residue proves to have the empirical formula (after adding water for hydroly- 
sis) CeHnOa.' The formula could also be CjHuO; since water added in hydrolysis 
(as for example, to an aldehyde group) is not always retained. 

The carbohydrate nature of the conjugate group is evident from the analysis 

* The analyeea were made in part by the laboratories of Dr. Carl Tiedcke, 366 Fifth Avo., 
New York City, in part by our own anabdical laboratories under the direction of Mr. Morris 
Auerbach and in part by the author. All determinations were repeated until a close check 
on each was obtained. 

‘ By methods identical with those described in this papers similar conjuRated compound 
has been isolated from the urine of a subject who ingested 2 gms. of the dichlor analogue of 
DBS (DCS). The melting point is also 1S5-I80'C. and elementary analysis shows it to 
have the empirical formula CiiHrN'iSOiCIj. When the known constituents, namely DCS 
and bcniylamine, are subtracted, the residue baa the formula C«HuOi or CiIIiOi. The 
half-wave potential of the benzylamine salt (determined by Dr. F, C. Nachod) is —1.9 v. at 
PlI 7, identical with that of Icvulose. 
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and the same conclusion was indicated by appl 3 dng the Molisch reaction as modi- 
fied by Foulger (16). The lavender color obtained, however, was not comparable 
to that given by hexoses such as glucose (red) and levulose (purple) orby 5-keto- 
gluconic acid (red). The Tollen’s naphthoresorcinol test, when run on quantities 
of 1-2 mgm., gave an atypical reaction (yellow-green fluorescence in the aqueous 
layer, faint lavender in the ether layer). The Bial’s orcinol reaction (17) was 
also negative, indicating that the carbohydrate is not glycuronic acid. 

Other pertinent facts regarding the compound are as follows; 

1. Acid hydrolysis. When heated for an hour at lOO^C, with HCl the extent 
of hydrolysis depends on the acid concentration as follows: in 0.02N acid, 7% 
hydrolyzed; in 0.2N acid, 36% hydrolyzed; in 2.5N acid, 95% hydrolyzed. The 
hydrol 3 d;ic reaction was followed colorimetricaUy. This very slow hydrolytic 
reaction may modify the response to the color tests mentioned above since they 
depend on rapid liberation of the carbohydrate by strong mineral acid. 

2. Alkaline hydrolysis. In O.IN NaOH, the hydrolysis was 50% complete in 
45 minutes at 100°C. When the resulting solution was acidified to pH 4, a 
crystalline precipitate formed (a better yield is obtained if N NaOH is used for 
the hydrolysis) . On recrystallization from hot 25 % alcohol, it proved to be pure 
DBS as was demonstrated by melting point, mixed melting point, and nitrogen 
content. 

3. Qualitative tests. The conjugated DBS reduces ammoniacal silver in- 
stantly in the cold and reduces Benedict’s solution rapidly at lOO^C. The latter 
is reduced slowly at 50°C., but not at 37'’C. The substance does not decolorize 
Tillman’s dye, but it does color Schiff’s reagent very slowly, the color becoming 
maximal in 24 hours. 

4. Other quantitative data. 

a. Reduction of ammoniacal silver. In 24 hours at 37°C. one m.eq. of conju- 
gate reduces 1.8 m.eq. of silver. The reddish ether-soluble product contains 
4.5% N, indicating a molecular weight of about 620 and, therefore, that the six- 
carbon residue is intact. 

b. Reduction of hypoiodite. In 25 minutes at room temperature, in dilute 
NajCOa solution, one m.eq. of conjugate reduces 4 m.eq. of iodine. The product 
has a titratable acidic group other than the sulfonamide hydrogen. This product 
(derived from DCS conjugate) contains 7.74% N, indicating a molecular weight 
of 363, which with allowance for the parent drug (mol. wt. 317) leaves a side- 
chain of mol. wt. 46, or not more than 2 carbon atoms. 

c. Reduction of periodic acid. In one hour at room temperature one m.eq. of 
conjugate reduces 10 ± 2 m.eq. of periodate. No formaldehyde is formed in 
the process, indicating the absence of a primary alcohol group. The product is 
a chocolate-colored precipitate which is not identical with the parent drug but 
analysis for N indicates a molecular weight only slightly greater than that of the 
parent drug. The carbon side-chain is therefore almost completely destroyed 
by the oxidation. 

d. Reduction of alkaline fenicyanide. When determined by the Folin-Malm- 
ros blood sugar method, the conjugate contains the equivalent of 23% glucose. 
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Theory, assuming one available reducing group per mole, 25.5%. Under the 
conditions of this reaction, no appreciable hydrolysis of the conjugate occurs. 

e. Alkali equivalent. Titrating with dilute NaOH and using alizarine yellow 
(pH 11-12) as indicator, the equivalent weight is 354. 

f. Hydroxyl groups. (Determined by reaction with acetic anhydride in pyri- 
dine.). The conjugate contains 4 hydroxyl groups, with due allowance being 
made for the fact that benzylamine also reacts with acetic anhydride, and when 
this occurs an acidic group becomes available for titration. 

g. Amino nitrogen. As determined by the method of Russell (18), the content 
is 2.0%, originating with the benzylamine. 

h. Optical activity. In methanol solution [«]£ = —57°. 

i. Antibacterial action. Very slight: the compound is bacteriostatic and bac- 
tericidal against Streptococcus C-203 at 1:2000, and inactive against Brucella 
abortus at 1:1000.' 


niscussioN 

The chief point of interest regarding DBS is the manner in which it is conju- 
gated. The attached radical is a carbohydrate having the empirical formula 
CtHio-nOs, or CtHs-uO?. No definite structural formula can be suggested for 
the compound at this time. However, some of the significant features of its 
chemical nature which have been established are these: 

1. The carbohydrate contains an acidic group capable of combining with 
benzylamine. The compound formed is neutral, therefore the acidic group is 
presumably a carboxyl. The ease of dissociation suggests that the compound is 
a salt. 

2. The compound contains 4 hydro.xyl groups other than that involved in the 
Carboxyl. 

3. The compound shoe’s a strong reducing action even in the cold. In this 
respect it is intermediate in action between such strongly reducing compounds 
as 5-ketogluconic acid (19), and the less strongly reducing 2-ketogulonic acid.r 

4. The carbohydrate is linked to the C< amino group only, thus eliminating 
the direct diazo reaction, and the compound has also no appreciable antibacterial 
action until hj’drolysis has occurred. The C-N linkage is quite stable, being of 
the same general order of stability as the acid amide linkage (as in acetyl-DBS) 
rather than that of the glucoside type (20). Nevertheless the anal}^ical data 
'vould not be in agreement with the idea that the carbohydrate is a Cc dicarbox- 
ylic acid. 

5. The fact that the o.xidation products of the compound are invariably colored 
suggests a cyclic arrangement of atoms, or a tendency to go into such an arrange- 
ment. 

No previous instance of this tj’pe of conjugation of aromatic amino compounds 

*Tlio studies on this point were conducted by Mr. George Goetebius and Mr. 3 . W. 
KJimeV. 

_ ’ Generous supplies of these compounds wero provided by Dr. W. E. Militrcr of the 
University of Nebraska. 
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has been reported so far as the author is aware. Recently reported examples of 
sulfonamide-carbohydrate conjugation involve first the introduction of m 
hydroxyl group into an aromatic ring, followed by conjugation with glycuromc 
acid at this position. (21, 22, 23). 

SUMMARY 

The solubility, toxicity, absorption and metabolism of 3',5'-dibromosulfanil- 
anilanilide have been studied. The compound is poorly absorbed in most species, 
particularly man, and therapeutic blood levels have not been achieved except 
in the rat. The excretion of the drug in man is preceded by a process of conjuga- 
tion with a carbohydrate radical and since this occurs in the position, the re- 
sulting compound is practically devoid of antibacterial action. The conjuga- 
tion appears to he of a tjTpe not previously reported. The exact structure of the 
conjugate has not been establiriied. 

The author is indebted to Dr. F. C. Goble for the pathological studies reported 
in this paper, and to Herman Herrlich for considerable technical assistance. 
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As a result of numerous investigations, summarized by Dragstedt (1), anaphy- 
lactic shock in the dog is generally conceded to result from the liberation of 
pharmacologically active substances following the injection of an antigen into 
a sensitized animal. The site at which this fundamental reaction takes place 
is not definitely known. 

The possible participation of the reticulo-endothelial system in the anaphy- 
lactic reaction has been considered by several investigators who studied the r61e 
of this system by attempting to block it prior to the shocking injection. Peter- 
sen and coworkers (2) have found that the injection of saccharated iron o.xide 
prevented certain manifestations of anaphylactic shock as judged by the com- 
position of thoracic duct lymph. Only five experimental and two control dogs 
were used in this study. Mills and Dragstedt (3) were unable to decrease the 
^verity of anaphylactic shock in a large series of dogs by injections of India 
ink or iron oxide. 

The purpose of the present study was to ascertain the effect of thorotrast’, 
a more effective blocking agent that previous investigators have used, on ana- 
phylactic shook in the dog. It is well-known that different blocking agents may 
vatj’ considerably in their ability to inhibit the various functions of the reticulo- 
endothelial system. Maher (4) has shown that whereas India ink fails to pre- 
vent the conjugation of sulfanilamide in the rabbit, thorotrast does so. 

Expebimental. The protective action of thorotrast in anaphylactic shock in the dog — 
Adult mongrel dogs were sensitized by two subcutaneous injections of horse serum, 0.3 
cc. per kgm. of body weight, given.2 to 3 days apart. Sixteen to 24 days following the 
first sensitizing injection the dogs were anesthetized with intravenous sodium pentobarbital 
and received an intravenous injection of horse scrum, 0.5 cc. per kgm. of body 
Weight. Blood pressure was recorded by means of a mercury manometer, and clotting time 
Was measured by the Leo and IVlxito (6) method before and after the intravenous injection 
of horse serum. 

Fourteen dogs were used in this experiment. Nine received thorotrast in amounts 
varj'ing from 2 to 6 cc. per kgm. of body weight. The time interval between the injection 
of thorotrast and the injection of serum was 4 hours in some dogs and 10 minutes in others. 
Five dogs which received no thorotrast scivcd as controls. 

As indicated in table 1 , thorotrast had a considerable effect in preventing the 
fall of blood pressure and the increase in clotting time. The dosage determined 

' This work was aided bj' a grant from the First Tc.xas Chemical Company. 

’ Fellow in the Department of Internal Medicine. 

• Thorotrast is a stabilized colloidal thorium dioxide contrast medium containing 24 
to 20 per cent Th O, by volume, obtained from the llcydcn Chemical Corporation, New 
York, to whom wo are indebted for part of the material used in this study. 
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has been reported so far as the author is aware. Recently reported examples of 
sulfonamide-carbohydrate conjugation involve first the introduction of an 
hydroxyl group into an aromatic ring, followed by conjugation with glycuronic 
acid at this position. (21, 22, 23). 

STJMMAHY 

The solubility, toxicity, absorption and metabolism of 3^,5^-dibromosulfanil- 
amlanilide have been studied. The compound is poorly absorbed in most species, 
particularly man, and therapeutic blood levels have not been achieved except 
in the rat. The excretion of the drug in man is preceded by a process of conjuga- 
tion with a carbohydrate radical and since this occurs in the position, the re- 
sulting compound is practically devoid of antibacterial action. The conjuga- 
tion appears to be of a type not previously reported. The exact structure of the 
conjugate has not been established. 

The author is indebted to Dr. F. C. Goble for the pathological studies reported 
in this paper, and to Herman Herrlich for considerable technical assistance. 
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Heparin was added to samples of dog’s blood in amounts of 0.2 mgm. and 0.4 
mgm. per 100 cc. Thorotrast was then added to 0.5 cc. portions of the hepar- 
inized blood samples in amoimts of 0.01 cc., 0.05 cc., and 0.1 cc. All samples, 
including the controls, were incubated at ST'C. There was no evidence of clot- 
ting in any of the tubes in 4 hours. Thorotrast thus fails to coimteract the 
effect of heparin on dog’s blood in vitro. 

DISCUSSION 

The mechanism of action of thorotrast in the prevention of various manifesta- 
tions of anaphylactic shock in the dog is of importance because it may elucidate 
certain aspects of the problem of anaphylaxis which are not well understood. 
Since thorotrast does not covmteract the effects of histamine and heparin, it 
must act presumably (a) by preventing the antigen from reaching the antibody 
or (b) by blocking the fundamental reaction which leads to the liberation of 
histamine and heparin in anaphylactic shock. 

Since it is well known that thorotrast tends to be concentrated in the reticulo- 
endothelial system, the results of the present study suggest that the fundamental 
reaction in anaphylactic shock in the dog takes place in elements of the reticulo- 
endothelial system. The apparently contradictory results of Mills and Drag- 
stedt (3) may be e.xplained by the fact that these authors used Indian ink and iron 
Oxide, which are not as efficient blocking agents as is thorotrast. Maher (4) 
demonstrated the superiority of thorotrast over other blocking agents. 

The results of the present study are in harmony with the findings first described 
by Manwaring (7), which indicate that the liver plays an important idle in canine 
anaphylactic shook since elements of the reticulo-endothelial system occur abun- 
dantly in the liver. However, since such elements are also widely distributed 
elsewhere in the body, it is not surprising that Waters and coworkers (8) and 
others were able to produce anaphylactic shock in the hepatectomized dog. 

CONCLUSION 

Thorotrast in large doses protects dogs against anaphylactic shock. Since 
thorotrast has no antihistamine or antiheparin actions, it is suggested that it 
prevents the liberation of these substances. 
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the degree of protection obsen'ed. Whereas 2 cc. of thorotrast solution per kgm. 
of body weight had no protective action, 4 to 6 cc. produced partial or complete 
protection against anaphylactic shock. 

In none of the dogs receiving 4 cc. or more of thorotrast per kgm. of body 
weight was the clotting time elevated appreciably following the injection of 
serum, and only one dog in this group showed a significant fall of blood pressure 
(dog No. 8). 

Thorotrast when given alone tended to prolong the clotting time within 4 
hours and caused a bleeding tendency in the majority of the animals. Maher 
(4) observed similar effects in the rabbit. 


TABLE 1 

The effect of thorotrast on the blood pressure and clotting time in anaphylactic shoch induced 

by horse serum in the dog 
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* Died in shock. 


The effect of thorotrast on the reaction to histamine — Since the fall of blood pres- 
sure in canine anaphylactic shock is generally attributed to the liberation of 
histamine, it was important to determine whether thorotrast could abolish the 
effects of histamine. Two dogs (Nos. 7 and 14), which received an injection of 
2 cc. and 6 cc. per kgm. respectively of thorotrast solution, were given an in- 
travenous injection of 0.05 mgm, per kgm. of histamine appro.-dmately 45 minutes 
after the injection of horse serum. The blood pressure fell markedly in both 
dogs. Thorotrast, consequently, does not prevent the effect of histamine on the 
blood pressure. 

The effect of thorotrast on the action of heparin in vitro — ^The increased clotting 
time in canine anaphylactic shock is caused by the liberation of heparin (6). 
Since thorotrast prevented the occurrence of incoagulability of the blood in vivo, 
its effects on heparin in vitro were investigated. 
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ratio 77) than they report in cats (epinephrine ratio 184), in agreement with 
their findings the racemic salt appears to have more pressor activity than would 
result from the additive action of the two isomers. These investigators have 
suggested that this is “evidence of a sensitization occurring in the racemic mix- 
ture.” 

(b) Effect on the Central Nervous System: The determination of the stimulating 
effect of these compounds on the central nervous system was made by Frick 
and Becker of the Sterling-Winthrop Research Institute, according to the 
method of Schulte, Tainter and Dille (6). They have been kind enough to 
furnish us the data shown in table 2. 


Results obtained indicate that d-N-methyl-/9-cyclohexylisopropylamine HCl 
has much less stimulating effect than does its phenyl analogue. Comparatively 
larp doses (20.0 mgm./kgm.) of the former caused only a small amount of stimu- 
lation. Data obtained with l-N-methyl-/S-cyclohexylisopropylamine HCl has 
shown this substance to be distinctly more stimulating than its d-isomer, one- 
half the dose of the former causing four times more random activity than the 
latter. Novelli and Tainter (7) haveshownd-N-methyl-/8-phenylisopropylamine 
HCl to have much more excitatory effect on the central nervous system of rats 
than does its 1-isomer. Schulte et al. (6) have reported the 1-isomer of ephedrine 
to be more stimulating than the d-isomer. In this effect, N-methyl-/S-cyclo- 
hexylisopropylamine more nearly resembles ephedrine. 

(o) Toxicity: Acute toxicity was determined in albino mice. AH test animals 
Were obtained from our own colony, were injected and kept under observation in 
tte colony room where the environmental temperature was maintained at 76°F. 
rhe hydrochloride salts of the compoimds were dissolved in distilled water and 
injected intraperitoneally. Injected mice were caged in groups of five and deaths 
Were recorded for seventy-two hours. Racemic N-methyl-/?-cyclohexylisopropyI- 
lamme HCl and its d- and l-isomers were found to have an LDjo of approximately 
yo mgm./kgm. It would seem that the toxicity, as determined in these tests, 
IS not influenced by the observed differences in pharmacologic actimty. The 
to.dcity of N-methyl-^-phenylisopropylamine HCl equals that of the above 
^hstances. Hydrogenation of the phenyl ring does not alter the toxicity of 
this compound. 


Warren and Werner (8a) have reported the toxicity of Neo-Synephrine HCl 
be 22.0 ± 4.3 mgm./kgm. when injected subcutaneously in mice. This toxic- 
I y 'value would not be expected from the values we have obtained by intra- 
P^toneal injection. We have found the LDjo to be 140 mgm./kgm. Racemic 
eo-Synephrine HCl is much less toxic than the 1-isomer (table 1). This sug- 
that the d-isomer has a low toxicity. 

Recent articles describing toxicity determinations have stressed the importance 
0 ravironmental temperature, species of animal used, animal weight (Warren 
tTK niid the effect of the number of drug-tested animals per cage 

vChance, 9) on the observed mortality. Differences in the reported toxicities 
particularly large for the /3-phenylisopropylamines. Thus, Warren and 
iirner (8b) report that the subcutaneous LDm for amphetamine in rats is 
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The pharmacologic activity of various derivatives of ^-oyclohexylethyl- and j 
T-eyclohexylpropyl-amine has been described by Lands, Lewis, and Nash (1). 
Also, Gunn and Gurd (2) have described the pharmacology of a- and /?-cyclo- 
hexyletbyl- and /3-cyclohexylisopropylaniine. Zenitz, Macks, and Moore (3) 
have recently synthesized N-methyl-/9-cyclohexylisopropylamine, and this sub- 
stance with its optically active isomers has been made available to this Labora- 
tory for pharmacologic investigation. The pressor activity in pithed do^ of 
the optical isomers of the phenyl analogue (desoxyephedrine) has been described ^ 
by Swanson, Scott, Lee and Chen (4). Inasmuch as we have used dogs ndth ' 
intact nervous systems for our investigation, we have included for companson 
data obtained by us with desoxyephedrine and its isomers. Results obtained 
with the above substances are compared with those obtained with N-methyl^- 
(m-hydroxyphenyl)-ethanolamine hydrochloride (Neo-Synephrine HCl) and its 
optical isomers. 

Restots: (a) Effect on Bhod Pressure: Dogs were anesthetized with sodium 
pentobarbital and prepared for the kymographic recording of carotid blood pres- 
sure. All injections were made directly into the exposed femoral vein. Inas- 
much as tachyrphylaxis is quite marked with both ;S-phenyl- and /3-cyclohexyl- 
isopropylamines, only one observation was made for each dog used. Results 
obtained are shown in table 1. It will be noted that dl-N-methyl-j5-cyclohexyl- 
isopropylamine HCl has about two-thirds of the activity of its phenyl analogue. 

The 1-isomer is distinctly more pressor than the d-isomer. This is in sharp 
contrast to the results obtained with the phenyl analogues, since 1-desoxy- 
ephedrine is approximately half as active as the d-isomer. Swanson et al. (4) 
found the l-isomer of deso.xyephedrine to be 1.4 times more active than the d- 
isomer. The difference in the results obtained may result from the difference 
in the test preparations used, that is, the difference between the response of the 
pithed dog as compared with one in which the nervous system is intact. That 
the effect on the central nervous system is not unimportant is suggested by the 
results shown in table 2. 

Racemic Neo-Synephrine HCl is about twenty-five times more pressor than 
N-methyl-/ 3 -cyclohexylisopropylamine HCl. The l-isomer of Neo-Synephrine 
was found to be 10.5 times more pressor than the d-isomer. Tainter and Stock- 
ton (5) have reported the racemic salt to be more active than would have been 
expected from the comparative activities of the d- and l-isomers. Although we 
have found the d-isomer to be about 2.3 times more active in dogs (epinephrine 
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39.0 ±2.3 mgm./kgm. in heavy animals and 165.0 ±16.5 mgm./kgm. in light 
animals. Chance (9) found the subcutaneous LDso in mice injected with am- 
phetamine to be 117.3 mgm./kgm. when the treated animals were caged in- 
dividually, but was 14.0 mgm./kgm. when ten treated animals were caged 
together. This investigator finrther reports the LDjo for d-N-methy]-/3-phenyl- 
isopropylamine HCl to be 23.26 mgm./kgm. when mice are caged individually, 
and 7.56 mgm./kgm. when caged in groups of ten. Novelli and Tainter (7), 
using rats, have reported the subcutaneous toxicity of dl-N-methyl-^-phenyl- 
isopropylamine HCl to be greater than that of either the d- or 1-isomer, the 1- 
isomer being least toxic. In view of the above data it is difficult to evaluate 
toxicity reported in the literature. The environmental conditions prevailing 
in the various laboratories and the varied test procedures used appear to be 
determining factors in the results obtained. 

SUMMARY 

1. Racemic N-methyl-/3-cyclohexylisopropylamine HCl has about two-thirds 
of the pressor activity of its phenyl analogue (racemic desoxyephedrine HCl). 

2- l-N-Methyl-/3-cyclohexyli6opropylamine HCl is more pressor and more 
excitatory on the central nervous system than is the d-isomer. 

3. d-N-Methyl-;3-phenylisopropylamine HCl is more pressor and more ex- 
citatory on the central nervous system than is the l-isomer. 

4. All the isomers of N-methyl-(9-cyclohexylisopropylamine HCl and N-methyl 
-^-phenylisopropylamine HCl were found to have the same acute toxicity in 
nuce. 

5. Racemic Neo-Synephrine HCl is approximately twenty-five times more 
pressor than racemic N-methyl-jS-cyclohexylisopropylamine HCl, approximately 
Kventeen times more pressor than N-methyl-^-phenj'hsopropylamine HCl and 
13 approximately one-sixth as toxic. 
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TABLE 1 


The pressor activity in dogs and (he toxicity in mice of the optical isomers of 
N-methyl^~eyclohexylisopropyJamine hydrochloride and related compounds 
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* Drug equivalent to 1 mgm, of l-epinephrine 

fXhe distribution of deaths does not indicate a definite LD»o. The LDo was <50 
mgm./kgm.; the LDioo was >160 mgm./kgm. 

•• Neo-Synephrine HCl is the l-isomer, used here to indicate substance without refer- 
ence to rotation. 


TABLE 2 

Central nervous system stimulation 
(Method of Schulte, Tainter and Dille) 
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• The salt in aqueous solution was injected subcutaneously. 
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